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United States animal shelters care for unwanted animals until they are adopted,
transferred to another facility, or euthanized. However, there are unanswered questions about
what factors predict these outcomes, and what risks shelter dogs pose to human public health.
The objective of this thesis was to use quantitative methods to answer questions in animal
shelters that apply not only to the animals housed within them, but also the personnel that they
employ. One chapter of this thesis will focus on defining humane organizations in the United
States and quantifying the number of shelters that exist in five US states. The bulk of this thesis
will focus on identifying phenotypic characteristics to predict the outcomes of adoption,
euthanasia, and transfer of shelter dogs in municipally funded shelters in states from each region
of the US. Finally, the last chapter will identify shelter characteristics that affect shelter worker
vaccination against rabies virus.
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CHAPTER I
LITERATURE REVIEW
Shelter Industry Overview
A History
The American Society for the Prevention of Cruelty to Animals, ASPCA was founded in
1866 (ASCPA, 2019) to address concerns for animal welfare in the United States. Over time, as
awareness for animal cruelty and companion animal welfare increased, so did concern for pet
overpopulation and shelter animal populations. Estimates of the number of dogs in shelters in the
early 1900s are uncertain. However, in the 1970s a national shelter survey estimated that 60 to 64
million dogs and cats entered shelters annually and about 13.5 million of them were euthanized.
A follow-up survey, approximately 10 years later, estimated that 92 million animals entered
shelters, whereas euthanasia estimates were 7.6 to 10 million (A. N. Rowan & Williams, 1987).
In 1990, it was estimated that 27 million companion animals were entering shelters annually and
17 million of those animals were euthanized (Carter, 1990). Two years later, another researcher
estimated that anywhere from 2.2 to 6 million animals were euthanized annually (A. N. Rowan,
1992).
When shelter animal euthanasia estimates were brought to the public’s attention, they
responded with outcry to stop the “wholesale euthanasia” (Lepper et al., 2002) or the “Hidden
Holocaust” (A. N. Rowan, 1992) of shelter animals. Changes were implemented industry-wide to
reduce the number of shelter animals euthanized. These changes focused on lowering the number
1

of animals entering shelters through interventions such as increased pet sterilization programs
and greater enforcement of dog licensing (A. Rowan & Kartal, 2018). An overall decline in
shelter dog euthanasia rates was evident, but it is still unclear which interventions contributed to
this success. Following the euthanasia decline, spay/neuter requirements became more common
and a greater emphasis was placed on educating the public about the causes and solutions to pet
overpopulation (Moulton, 1995). Because estimates varied so greatly over this 30-year time
span, a more uniform method of collecting information about shelter animals in the sheltering
industry became necessary.
The Lack of Record Keeping
The unknown number of animals involved in the US sheltering industry is partially due to
the lack of standardized shelter record keeping. The industry was described as a “statistical
blackhole” (A. N. Rowan, 1992) in the 1990s and the description is still applicable to shelters
today. The lack of record keeping has been identified by shelter industry officials and researchers
alike, which has led to the creation of commercially available database systems, such as PetPoint
Data Management System or Animal Shelter Manager, and publicly accessible reporting
programs in an attempt to make shelter record keeping more uniform and accessible. In 2012, a
reporting program called Shelter Animals Count, was created and by 2016 had over 3,000
organizations reporting data about the intake and outcomes of animals in their care (Shelter
Animals Count, 2019a). Although these record keeping methods were a step in the right
direction, they have failed to fully explain what happens to animals that enter the sheltering
industry and their fates.
More recently, national shelter surveys have been performed to gain further evidence of
the types of animals surrendered to shelters, to understand why animals are surrendered to
2

shelters, and to describe the demographics of owners surrendering animals to shelters (Salman et
al., 1998). In 2015, estimates of the number of dogs entering shelters were approximately 5.5
million, 770,000 of which were euthanized (Woodruff & Smith, 2019). Today, the ASPCA
estimates that 3.3 million dogs enter shelters annually, with 670,000 being euthanized (ASPCA,
2019). Such improvement in shelter dog outcome and decreased euthanasia may be attributed to
an improvement in returning dogs to owners or an improvement in adoption practices (ASPCA,
2019). Regardless, a gap will continue to exist in the knowledge of shelters and the animals in
their care until record keeping becomes an industry standard.
Animal Shelter Definition
Another problem that makes quantifying the shelter animal population and their
outcomes difficult is the lack of a standardized definition for animal shelters and other humane
organizations operating in the US. The lack of a standardized definition makes quantifying active
US shelters difficult. One study estimated that approximately 7,000 shelters were present in the
US in 2015 (Woodruff & Smith, 2019). Today, Shelter Animals Count reports 5,550 different
humane organizations participating in their registry (Shelter Animals Count, 2019b). However,
as these are only estimates, the true number of humane organizations present in the US is
unknown. Currently, states have the power to mandate animal shelters, but each state is tasked
with creating its own shelter definition and regulating shelters and/or humane organizations. For
example, the state of Oklahoma defines an animal shelter as “a facility that maintains 10 or more
dogs and cats and is operated by or under contract of the state for the purpose of impounding or
harboring seized, stray, homeless, abandoned, or unwanted dogs or cats, but excludes facilities
that do not house animals on the premises and only operates through a network of foster homes”
(Commercial Pet Breeders and Animal Shelter Licensing Act, 2012). Whereas, other states, (i.e.
3

Mississippi), do not have a statewide definition for animal shelters and, thereby, do not monitor
or regulate humane organization facilities (ASPCA, 2006). Some states or humane organization
data reporting systems use the word “animal shelter” interchangeably with other types of humane
organizations such as foster based rescues, breed specific rescues, animal sanctuaries, holding
facilities, and transport facilities. This lack of definition is problematic because not all humane
organizations are held to the same standards in terms of animal care, community expectations,
and government licensing. One approach to solve this issue may be to create a nationally
recognized definition for animal shelters and for all other humane organizations that function in
the US. This uniformity could lead to a standardized system for defining humane organizations
and thus, potentially, a national humane organization registry to help quantify the number of
shelters and homeless animals in the US.
Shelter Dog Phenotypes Affecting Outcomes
Adopter Preference
As animal sheltering has become more widespread and has gained more public attention
in the United States, questions have arisen regarding not only the number of animals entering
shelters, but also their outcomes (i.e. adoption, euthanasia, transfer, etc.) and any factors that
may be used to predict these outcomes. Temporal patterns of intake trends for certain states have
been studied, demonstrating that shelter dog intake has decreased in the past 15 years, as well as,
shelter dog euthanasia in Colorado (S. M. Hawes et al., 2019). However, other studies do not
focus on temporality trends, but rather what adopters prefer when choosing a shelter dog for
adoption. It has been shown that approximately 30% of US dog-owning households obtained
their dog from a shelter or rescue (APPA, 2017) and approximately 60-80% of people would
consider adopting or did adopt a dog from a shelter in a year’s time (Garrison & Weiss, 2015).
4

Therefore, it would be beneficial for shelters employees to know which characteristics of dogs
influence adoptability. Adopter preference studies commonly identify that dog appearance is the
most important factor influencing shelter dog adoption (Weiss et al., 2012) and have even
created terms, such as “morphologically preferred” to identify dogs that are more adoptable
regardless of behavioral interventions (Protopopova et al., 2014). One study asked people to rank
pictures of shelter dogs on appearance, and consistently, the dogs that were eventually adopted
were ranked as the most attractive while those that were eventually euthanized were ranked as
least attractive (Protopopova et al., 2012). Other studies asked owners relinquishing dogs to a
shelter to recall what the main factor was that initially made the owner choose the dog, and
again, appearance was identified as the most important factor (Weiss et al., 2014). Studies have
been performed asking potential adopters to rank different traits of dogs that make them more
desirable such as a preference for a certain age group, size, coat color, and sex. This created the
profile of the “perfect” adoptable shelter dog including all of the traits adopters find the most
favorable (Garrison & Weiss, 2015). These studies make it apparent that shelter dog phenotypes,
or the way a dog looks, are vital factors in determining shelter dog outcomes, and the amount of
time they remain in the shelter.
Coat Color
Coat color was one of the first phenotypic factors identified as affecting shelter dog
outcome and length of shelter stay (LOS). One study found that white dogs had the shortest LOS
and multicolored dogs had the longest (Svoboda & Hoffman, 2015). Brindle colored dogs have
been previously identified as being less adoptable (Lepper et al., 2002) and having longer LOS
(Svoboda & Hoffman, 2015). Another study found that dogs with grey, merle, blond, chocolate,
or tricolored coats had more favorable outcomes than other shelter dogs (DeLeeuw, 2010).
5

White, grey, or gold dogs have also been found to be more adoptable than their darker
counterparts, while large, black dogs were at a greater risk for euthanasia (Posage et al., 1998).
An adopter’s preference study in Northern Ireland demonstrated that blonde dogs were preferred
to black dogs (Wells & Hepper, 1992) and another study in Kansas found that purely black adult
dogs compared to black dogs with other coat colors or patterns, were more likely to be
euthanized (DeLeeuw, 2010). However, more recent studies have identified that black or dark
coat colors do not predict adoption (Sinski et al., 2016) or live release outcomes (Patronek &
Crowe, 2018) of shelter dogs, or affect shelter decisions to transfer dogs from their care
(Simmons & Hoffman, 2016).
Age Group
Another phenotypic factor used as a predictor for dog outcome is age group. Puppies are
commonly identified as having increased adoptability. It has been found that puppies have the
shortest LOS (W. P. Brown et al., 2013; Patronek & Crowe, 2018; Svoboda & Hoffman, 2015)
and are the most likely age group to be adopted (Clevenger & Kass, 2003b; DeLeeuw, 2010;
Lepper et al., 2002; Siettou et al., 2014). The limitation of comparing these studies is that they
each have a different definition of “puppy.” For most studies, a puppy is defined as either less
than 6 months old or under 1 year old. The characteristic trait of identifying a puppy compared to
other age groups is through the eruption of permanent canines at approximately 6 months of age.
However, when shelter records identify puppies as less than 1 year old, variability is introduced
into age identification and thus makes it difficult to compare the results of studies evaluating age
group as an effect on outcome. One researcher excluded puppies from her analysis because
puppies were more likely to have favorable outcomes and would skew any phenotype/outcome
associations (Posage et al., 1998). Generally, studies favor using puppies as the comparison
6

group to determine if age group is predictive of outcome. Another study identified that although
puppies are more likely to be adopted than any other age group, senior dogs aged 8 years or older
are “marginally” more likely to be adopted than 5 to 7 year old dogs (Siettou et al., 2014). Again,
these age group designations were arbitrary values, as there is little physical evidence to
distinguish a 4-year-old dog from a 5-year-old dog, a 7-year-old dog from an 8-year-old dog, an
8-year-old dog from a 9-year-old dog, etc. The current literature suggests that seniors older than
9 years have the longest LOS (W. P. Brown et al., 2013); Seniors have half the odds of live
release compared to puppies (Patronek & Crowe, 2018), and that seniors between the ages of 10
and 12 years old are more likely to be euthanized (Svoboda & Hoffman, 2015). Additional
studies focusing only on senior dogs older than 7 years and what factors affect their outcomes,
found that senior dogs with poor health conditions at intake, or labelled as “terminal,” were more
likely to be euthanized regardless of reason for intake (S. Hawes et al., 2018). Little to no
previous research has been done determining the effect of age group on the chance for a dog to
be transferred to a different shelter. Thus, a gap currently exists in the literature regarding age
group transferability.
Size
The size of shelter dogs is commonly associated with shelter outcome. Small dogs are
generally preferred to large dogs (Posage et al., 1998), and tend to have the shortest LOS
(Protopopova et al., 2012) followed by large/giant dogs, then medium sized dogs (W. P. Brown
et al., 2013). One study found that small dogs had higher odds of live release (Patronek &
Crowe, 2018) and another identified that small dogs were more likely to be adopted than all
other sizes (Siettou et al., 2014). Other researchers found that dogs greater than 74 pounds were
more likely to be euthanized (Patronek et al., 1995). Most studies, breed is tested as a factor
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affecting outcome, and because size is heavily confounded by breed, size is not analyzed. One
reason for this practice may be that researchers believe that breed is a better predictor of outcome
than size. For the studies that utilize size as a predictor rather than breed, size groups are quite
comparable. Generally, sizes are estimated according to the American Kennel Club (AKC) breed
standards, with small dogs less than approximately 30-35 pounds, medium dogs approximately
30-35 pounds to 55 pounds, large dogs greater than 55 pounds to 90 pounds, and giant dogs
greater than 90 pounds. Some researchers used heights rather than weights to describe dog’s
sizes (Protopopova et al., 2012). Small dogs were less than 0.35 meters high, medium dogs were
greater 0.35 meters to less than 0.60 meters high, and large dogs were greater than 0.60 meters
high.
Coat Length
Few studies have tested coat length as an effect on dog outcome. Those that have,
identified that medium and long coated dogs were more likely to be adopted (Siettou et al., 2014)
and that dogs with long coats have a shorter LOS (Protopopova et al., 2014). Another found that
long haired dogs were preferred to short haired dogs when surveying 100 potential adopters
(Wells & Hepper, 1992). Coat lengths in these studies were identified either on cage card
records, from visual assessment of dogs in the shelter, or from photographs of dogs taken while
in the sheltering environment. Further studies should be performed to identify if coat length does
predict outcome using a more representative sample of shelter dogs.
Sex and Alteration Status
Sex of dog and alteration status influence the outcome of shelter dogs. Males are less
likely to be adopted or transferred (DeLeeuw, 2010; Patronek & Crowe, 2018) and are more
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likely to be euthanized compared to females (Sinski et al., 2016; Svoboda & Hoffman, 2015).
Alteration status of dogs also predicts outcome. One retrospective cohort study found that adults
had lower rates of euthanasia when neutered, as opposed to a control group of adult dogs in the
same shelter (Clevenger & Kass, 2003b). Another study found that alteration increased the odds
of adoption for both males and females compared to their intact counterparts (Lepper et al.,
2002). Although alteration increases shelter dogs’ chances of adoption, shelter records often lack
details about when the alteration took place or if entering dogs were altered upon intake. This
may limit future studies because it is increasingly common for shelters to alter dogs before
releasing them for adoption. Therefore, an effect on outcome may not be significant if every dog
is sterilized prior to adoption or at the time of adoption. However, it would be beneficial for
future studies to identify when alteration decisions are made in the shelter, and if the timing of
that decision effects a dog’s outcome.
Breed and Breed Group
One of the most common phenotypes associated with shelter dog outcome is breed or
breed group. Studies tend to classify each dog into breed groups either: defined by the AKC,
created by researchers as representative of shelter jargon (i.e. “bully breeds” or “guarding
breeds”), or a combination of both. One study found that breed groups such as lap dogs, cocker
spaniels, giant companion breeds, and “ratters” had higher odds for adoption compared to large
companion breed dogs. The same study found that dogs classified as “fighting breeds” and those
classified as Staffordshire Terriers were less likely to be adopted and more likely to be
euthanized (Lepper et al., 2002). Similarly, another study found that breeds including cocker
spaniels, companion breeds, herding breeds, hounds, lap dogs, pointers, and “ratters” had a
greater chance of being adopted than euthanized (Sinski et al., 2016). Breeds including pit bulls
9

and terriers are more likely to be euthanized compared to labradors. Compared to euthanasia,
Australian herding breeds, cocker spaniels, herding breeds, lap dogs, pointers, “ratters,” sporting
breeds, and terriers are more likely to be transferred, whereas pit bulls and rottweilers were less
likely to be transferred (Sinski et al., 2016). Other studies analyzing the AKC breed groups find
that toy, hound (DeLeeuw, 2010), terrier, and nonsporting breeds were more adoptable (Posage
et al., 1998). Interestingly, one study did not include any pit bull type dogs or wolf hybrid dogs
in the study sample because dogs that fit this description were euthanized before they could ever
be offered for adoption (Posage et al., 1998). Removing such dogs from the study may have
biased the results of predicting phenotype’s effect on outcome, as the study sample of dogs did
not wholly represent the shelter population. Additional studies have found that lap breeds had
more adoptions than fighting breeds (Protopopova et al., 2012) and that pit bulls, Rottweilers,
and Chow Chows were more likely to be euthanized regardless of alteration status (Clevenger &
Kass, 2003b).
Breed type has also been found to influence LOS. One study found that giant breeds had
the shortest LOS and guarding breeds had the longest (W. P. Brown et al., 2013). Another found
that terrier and toy breeds had the shortest LOS, while bully breeds had significantly longer LOS
than any other another group (Svoboda & Hoffman, 2015). Finally, dog pedigree status, or a
dog’s classification as a purebred or mixed breed dog, has been a factor studied to determine an
outcome effect. Generally, purebreds were more likely to be adopted (Lepper et al., 2002; Siettou
et al., 2014) or transferred (Sinski et al., 2016) than mixed breeds, and dogs with only one breed
listed in their records had higher odds of live release than those with more than one breed listed
(Patronek & Crowe, 2018). A study focusing primarily on outcome differences between mixed
breed and purebred dogs found that purebreds over 74 pounds were at an increased risk of
10

euthanasia and that the risk of euthanasia for mixed breed dogs was higher than that of
purebreds, specifically mixed breed males and mixed breed seniors (Patronek et al., 1995).
Differentiating purebred dogs from mixed breed dogs in the shelter environment is
difficult to do by only visual assessment. It has been estimated that only 5% of dogs in shelters
are purebred, based on genetic testing (L. Gunter, 2018) as opposed to previous estimates of 25%
(The Humane Society of the United States, 2016). Additionally, some studies determined
purebred status by the number of breeds listed in a shelter dog records. This method is also
flawed as visual identification of breed is variable depending on shelter employee. Therefore,
trying to draw conclusions based on pedigree status will often times be incorrect.
Another study described dogs’ genetic breed analysis compared to that of shelter
personnel’s best guess. In a sample of 20 dogs, they found that shelter employees correctly guess
one of the predominant breeds 25% of the time (Voith et al., 2009). A study with a sample size
of 919 dogs performed similar methodology, but found that shelter workers correctly identified
the most prevalent breed in the analysis about 57% of the time. However, about 33% of the time
shelter employees failed to identify any of the top 8 breeds indicated by the genetic analysis (L.
Gunter, 2018).
Misidentification of dog breed or inconsistent identification of breed is a major limitation
to studies that use breed to make associations regarding outcomes. Previous studies have found
that visually identifying dog breed is often not consistent with the genetic breed analysis of dogs
(Hoffman et al., 2014). Some researchers have recognized this breed limitation and have created
separate variables based on the breed label, such as size or “blockhead.” One researcher created a
“blockhead” variable to describe shelter dogs that tend to be mislabeled, like pit bulls. Breeds
identified as having a “blockhead” were determined to have a decreased chance of live release
11

compared to non-blockheaded dogs (Patronek & Crowe, 2018). One study found that
Midwestern and Western shelters with transfer programs were less likely to accept certain breeds
such as pit bulls, bully breeds, or pit mixes, and preferred to transfer in primarily “rare” dog
breeds, not already abundant in their facility or community. This same study identified that
phenotypes such as breed, age, and size were the most influential predictors to decide if a shelter
were to transfer dogs from their care. (Simmons & Hoffman, 2016).
Acknowledging these problems in breed identification, Simpson encourages
professionals facing unknown breed assignment to refrain from assigning a breed all together. He
claims that there are certain legal, insurance, and public health implications with associating a
breed to an unidentified dog (Simpson et al., 2012). Another study found that removing breed
labels from shelter kennel cards increased adoption outcomes and decreased LOS for all breed
types. Rather the authors suggest that shelters should place less of an emphasis on identifying
breed and should instead focus on collecting dogs’ history upon entrance into the shelter and
further behavioral assessments while housed in the shelter’s care (L. M. Gunter et al., 2016).
Length of Stay
Length of shelter stay has been a primary question that researchers and shelter personnel
alike have addressed for many years. Some shelters have a goal of increasing live release rates
but struggle to find a way to do so efficiently and effectively. Reducing the length of shelter stay
for animals in their care is a favorable way to accomplish that goal. However, LOS differs
greatly by shelter and by region of the country. Previous estimates include an average LOS of 18
days in a Florida shelter (Protopopova et al., 2012), 11 to 16 days in two California shelters
(Clevenger & Kass, 2003b), 7.15 to 10.44 days in 2 Pacific Northwest shelters (Svoboda &
Hoffman, 2015), 34.6 days in 2 New York state shelters (W. P. Brown et al., 2013), 89 days for
12

seniors in a Texas shelter (S. Hawes et al., 2018), and 10 days in an Arizona shelter (Patronek &
Crowe, 2018). The variation in LOS is likely due to geographic location differences and the
types of shelters utilized for each study. Although LOS is a highly variable measurement
depending on a multitude of different factors, it is useful because it gives a quantitative
measurement of time for each animal in the shelter. This information should be a valuable tool
for shelter workers to use to make data-backed decisions about animals in their care. A summary
of the studies performed that evaluated phenotype and LOS as an effect on shelter dog outcome
can be found in Table 1 below.
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Table 1
Reference

Previous study phenotypes analyzed
LOS
(Days)
34.6

Age

Sex

Breed
Group
Y

Color

Size

Coat
Length

Brown, et al
Y
N
N
Y
(2013)
Clevenger & 12-16
Y
N
Y
Kass (2003)
Lepper, et al
Y
Y
Y
Y
N
(2002)
Patronek & 6-10
Y
Y
Y
N
Y
Crowe (2018)
Posage, et al
Y
Y
Y
(1998)
Protopopova, 18
N
N
Y
N
Y
et al (2012)
Svoboda &
7.15Y
Y
Y
Y
Hoffman
10.44
(2015)
Protopopova,
N
Y
Y
Y
Y
et al (2014)
Siettou, et al
Y
N
Y
N
Y
Y
(2014)
Sinski, et al
Y
Y
Y
(2016)
Wells &
Y
N
N
Y
N
Y
Hepper
(1992)
DeLeeuw
Y
Y
Y
Y
Y
Y
(2010)
A summary of each shelter dog phenotype study including the types of categorical variables
included in the study design and the mean LOS, if evaluated. Y= significant variable in study,
N=not significant variable in study, blank=not analyzed in study.
Limitations to Previous Phenotype Studies
Current studies evaluating which phenotypes predict the outcomes of shelter dogs are
often limited to a small number of shelters included in the study, a small sample size of dogs
included in the data set analyzed, or a limited geographic range. For instance, some shelters
observe a large number of shelter dog records, but the records are from a single shelter in one US
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state, such as a study utilizing 21,409 dog records from one open admission shelter in Arizona
(Patronek & Crowe, 2018). Although this is a large sample size of dogs, this information is quite
applicable to dogs within that shelter and maybe even to other shelters in the state of Arizona,
but lacks generalizability to shelters in other states or regions of the US. There is also a gap in
the current literature addressing factors that affect transfer decisions of shelter dogs, or why
certain dogs are transferred opposed to others. Therefore, more insight into transferring practices
should be studied, as the act of transferring dogs has become a more common practice over the
years.
A summary of previous studies’ locations, shelter types, sample sizes, and the number of
shelters used for analysis is highlighted in Table 2. Future studies can further the knowledge of
shelter dog fates by collecting individual shelter dog data from a greater number of shelters or
tracking animals through the shelter for an extended time period. Thus, the gap in literature that
currently exists is not only fully describing factors that affect shelter dog outcomes, but also
collecting enough records from a sufficient number of shelters to make the study relevant to the
US shelter dog population.
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Table 2

Limitations to previous studies

Reference

Number of
Shelters
2

Country-State

Sample Size

Shelter Type

US-NY

1,264

No Kill

1

US-CA

4,813

Traditional

1

US-AZ

21,409

Traditional

Posage, et al
(1998)
Svoboda &
Hoffman (2015)

1

US-MI

1,468

Private

2

US-Pacific
Northwest

16,692

1 Private, 1
Traditional

Siettou, et al.
(2014)
Hawes, et al.
(2018)
Clevenger &
Kass (2003)
Patronek, et al.
(1995)
Deleew (2010)

17 branches

2,037

1

UK-Various
locations
US-TX

122

Rehoming
Centers
Private

2

US-CA

1,874

Not Specified

1

US-PA

8,879

Private

1

US-KS

7,602

Private

Brown, et al
(2013)
Lepper, et al
(2002)
Patronek &
Crowe (2018)

Wells & Hepper 1
UK- Northern
100
Not Specified
(1992)
Ireland
Sinski, et al
1
US-KY
7,440
Traditional
(2016)
A summary of previous studies geographic location, the number of shelters included in each
study, the sample size of dogs analyzed, and the shelter types utilized for analysis.
Shelter Staff Rabies Risk
The majority of dogs entering animal shelters have unknown medical histories. Dogs
with such unknown histories have the potential to be infected with zoonotic diseases which can
place shelter staff interacting with them at risk. One study assessed the knowledge of common
zoonotic diseases among shelter workers and identified that shelter training is minimal. Such
diseases include leptospirosis, methicillin-resistant Staphylococcus aureus (MRSA), and rabies
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virus (Steneroden et al., 2011). Of these zoonoses, rabies is the only disease to be discussed
further.
Rabies is a global zoonotic pathogen that has a case fatality rate near 100% (Centers for
Disease Control and Prevention, 2011b). Rabies is endemic in various geographic regions and
species worldwide. Global estimates suggest that approximately 59,000 individuals die each year
from rabies and 99% of these deaths occur from the bite of an infected dog (World Health
Organization, 2019). However, canine rabies in the United States was “controlled” in the 1970s
through extensive vaccination, eradication, and awareness programs (Carter, 1990; Ma, Monroe,
Cleaton, Orciari, Yager, et al., 2018).
In 2018, 4,951 animal rabies cases from the United States and Puerto Rico were reported
to the United States Centers for Disease Control and Prevention. Of these cases, 241 (4.9%) were
cats and 63 (1.3%) dogs (Ma et al., 2020), the two domestic animal species most commonly
found in animal shelters across the US. This was an 11.2% increase over the 4,454 rabid animals
reported in 2017 (Ma, Monroe, Cleaton, Orciari, Li, et al., 2018). Three human rabies cases were
reported in 2018 and 25 confirmed human rabies cases were reported in the US from 2009-2018
(Ma et al., 2020). Although the number of reported human rabies cases in the US is low,
annually it is estimated that 40,000-50,000 individuals undergo rabies post-exposure prophylaxis
(PEP) (Centers for Disease Control and Prevention, 2015). Unfortunately, there are no public
data regarding the occupation of individuals receiving PEP treatment, so it is difficult to know if
and what number of animal shelter staff undergo rabies PEP.
Rabies prevention and control policies in the United States are regulated on a state level.
Resources from which state policy is created include recommendations from the Centers for
Disease Control and Prevention (Centers for Disease Control and Prevention, 2011b), the
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American Veterinary Medical Association (American Veterinary Medical Association, 2017),
and the National Association of State Public Health Veterinarians (C. M. Brown et al., 2016).
These organizations recommend that personnel at a higher risk of encountering and contracting
rabies be vaccinated with pre-exposure prophylaxis. High risk individuals include “laboratory
workers, veterinarians, technicians, and animal control and wildlife officers” (Centers for
Disease Control and Prevention, 2011a). Animal shelter personnel have not been included in
such recommendations, but it is reasonable to believe that animal shelter personnel should also
be included in this high-risk category because they typically handle and interact with the same
animals as animal control officers. This is because most animal control organizations do not have
separate locations to house animals they receive and often contract with the local animal shelter
to house such animals. Therefore, the lack of a policy to vaccinate shelter employees may place
them at an increased risk for rabies. Studies identifying factors that place shelter personnel at a
heightened risk would be beneficial to local, state, and national agencies making these
recommendations.
Survival Analysis
The methodology of survival analysis techniques is primarily differentiated by parametric
and semi-parametric methods. Parametric methods focus on fitting survival times to different
distribution curves such as the exponential, Weibull, or Gompertz distributions, to determine a
parametric estimate for the hazard function. These parametric types of analysis are typically
determined before the start of the study and involve fitting such curves. However, for the
remainder of this review, only the semi-parametric survival analysis method will be discussed.
The semi-parametric method is commonly referred to as Cox Regression, the Cox
Proportional Hazard Model, or the Proportional Hazard Model. The semi-parametric method for
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survival analysis was developed by D. R. Cox in 1972 for direct applicability to medical and
longitudinal studies (Cox, 1972). Cox Regression uses time-to-event data while accounting for
censoring and proportionality, but it does not assume a survival time distribution as parametric
methods (Ata & Sozer, 2007). Censoring is a key factor to survival analyses. Censoring can be
described as “the occurrence of an event failure when the subject of interest in not under
observation” (Dohoo et al., 2014, p. 471), for instance, when study subjects are lost to follow up,
experience a different outcome of interest, or drop out of the study. Censoring allows for the
generated survival model to account for study subjects measured in failure time, as opposed to
time-to-event, which non-censored individuals experience.
A unique assumption of Cox Regression is the assumption of hazard proportionality. A
hazard is the unit of association used in survival analysis methods. This assumption implies that
the hazard for each covariate remains proportional over time. The assumption is checked by
either visually assessing Kaplan-Meier curves or by fitting a time dependent variable for each
fixed effect into the model. Kaplan-Meier curves are created by survival functions and these
functions are then transformed into survival curves for each level of the explanatory variable, i.e.
if age group is the explanatory variable, then the levels to be tested are each category of age:
puppy, adult, senior, etc. If these survival curves at any point cross or deviate from
proportionality, then the assumption is not met. The other method of determining proportionality
includes creating a time dependent variable for each of the model’s explanatory variables. This
creates an output that includes a p-value and hazard ratio estimate for each level of each
explanatory variable. If a variable fails the proportionality test, it will have a significant
interaction with time and thus the only way to evaluate that explanatory variable’s effect is to
include the time dependent variable in the model to account for the change in proportionality
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over time. Methods for graphing time dependent variables have been described by several
researchers including Dohoo (2014, pp. 495–496).
Cox regression and survival analysis methods assume independent censoring of the
outcome of interest within each study subgroup. For example, if evaluating whether puppies are
more likely to be adopted, independent censoring would fail if all puppies in the data set were
censored and conclusions were later made implying that puppies were less likely to be adopted.
Survival analysis methods are useful when accounting for time-to-event data. Therefore, using
this method of analysis allows researchers to fully utilize data with a method that is less
common, but highly applicable.
Thesis Objective
The objective of this thesis was to use quantitative methods to answer questions in animal
shelters that apply not only to the animals housed within them, but also the personnel that they
employ. One chapter of this thesis will focus on defining humane organizations in the United
States and quantifying the number of shelters that exist in five US states. The bulk of this thesis
will focus on identifying phenotypic characteristics to predict the outcomes of adoption,
euthanasia, and transfer of shelter dogs in municipally funded shelters in states from each region
of the US. Finally, the last chapter will identify shelter characteristics that affect shelter worker
vaccination against rabies virus.
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Summary
Overpopulation of dogs in the United States places an unwanted burden on the general
public and many animal care facilities. Although some states require registration of these
facilities, there is no national governing agency overseeing these organizations. Many types of
dog care facilities are currently active and terms such as “shelter”, “rescue”, or “humane society”
are often used interchangeably, although their primary functions may differ. The objective of this
study was to define and quantify the various types of humane organizations in Colorado,
Michigan, Mississippi, Pennsylvania, and Oklahoma. Organizations (n=2,444) were identified
from January 2018 to June 2018 through state registries, county-by-county Internet searches, and
reports from prior studies. Of the 2,444 organizations identified, 1,534 (63%) organizations were
categorized as canine humane organizations. Of the 1,534 humane organizations, 582 (38%)
were foster-based rescues, 471 (31%) were animal shelters, 387 (25%) were breed specific
rescue, 75 (5%) were holding facilities, 11 (1%) were sanctuaries, and 8 (1%) were transport
networks. Understanding the function of animal care facilities is important, as it may allow
insight into the nature of the humane care industry and allow veterinary professionals to
understand health concerns associated with dog populations in sheltering systems.

Keywords
Canine; Animal shelter; United States
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Introduction
There are numerous non-human humane organizations operating in the United States
today. These organizations serve a crucial role in their communities by caring for stray animals
and subsequently controlling potential zoonoses, safeguarding their communities’ public health.
However, the number and functionality of humane organizations operating in the US is currently
unknown. Some states require registration of operating humane organizations within the state’s
bounds, but these registries often have inconsistent definitions of those required to register and
typically do not capture the variation of humane organizations operating in the state. Thus,
expressing a need for a standardized national humane organization registry. Because of this lack
of registry, researchers must estimate the number of active humane organizations and the number
of animals within them. Estimates from a 2015 study are that approximately 7,076 dog shelters
exist in the US (Woodruff & Smith, 2019). However, organizations that operate under titles such
as animal rescue or animal sanctuary were not be included in these estimates. At the time of this
study, Shelter Animals Count reported that 5,550 humane organizations of varying types have
provided data regarding the animals in their care (Shelter Animals Count, 2019b). This count has
increased over the years, but it may not account for many US humane organizations.
While quantifying these organizations is important, it is also valuable to know the types
of organizations housing or temporarily caring for animals. The American Pet Products
Association (APPA) estimated that approximately 12% of households acquire dogs from a rescue
group, and 22% of households adopted their dog from an animal shelter or humane society in a
recent survey (APPA, 2019). Because humane organizations are being used for pet acquisition,
understanding the types of facilities where animals are coming from may further our knowledge
of pet acquisition in the United States.
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To the authors’ knowledge, a comprehensive categorization of US humane organizations
has not been previously reported. A study to quantify and categorize every humane organization
in the US would provide information to help answer the questions of how many and what types
of humane organizations are present. However, limited resources and time restrict a study of that
magnitude. Rather a smaller scale, multiregional study could provide groundwork information,
demonstrating the need for a nationwide humane organization registry. Therefore, the objective
of this study was to quantify and categorize the various types of humane organizations in one
state from each of the five geographic regions in the US.
Materials and Methods
For the purposes of this study, the contiguous United States was categorized into five
geographic regions: Northeast, Southeast, West, Midwest, and Southwest. An attempt was made
to obtain a state supplied registry of the humane organizations present in each US state. If such
registries were not publicly available, two attempts were made to contact state officials. Upon
compilation of state provided registries, one state from each region was then selected for the
study. The West and Southwest regions each had only one state which provided a registry,
(Colorado and Oklahoma, respectively). The Midwest and Northeast regions had multiple states
with registries, although some state lists were not up to date or lacked reliability. The Northeast
region had only one state with a complete, comprehensive registry, Pennsylvania. The Midwest
region had two states with complete, detailed lists, Michigan and Nebraska, and a single state
from that region, Michigan, was randomly chosen by coin toss. Mississippi was enrolled as the
state representing the Southeast, since a comprehensive humane organization list already existed
from previous studies. The states enrolled for the study were Colorado, Mississippi, Michigan,
Pennsylvania, and Oklahoma.
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Following the state selection process, comprehensive searches were conducted to identify
humane organizations existing in Colorado, Mississippi, Michigan, Pennsylvania, and
Oklahoma. Organizations were identified through state-supplied registries, county-by-county
Internet searches, and knowledge of existence from prior studies. Upon identification, all
organizations were categorized as either a humane organization that cared for dogs or a humane
organization that does not care for dogs/other. It should be noted that categorization of an
organization as a canine humane organization does not imply that canines were the sole species
present at these facilities.
Canine humane organizations were defined as either a(n), (1) animal shelter: facility
which operates from a physical building and is open to the public that places dogs by adoption or
euthanasia; (2) foster-based rescue: home for dogs that does not operate out of a physical
building but typically from a network of residential homes; (3) breed specific rescue: fosterbased rescue that caters to a specific breed of dog, typically purebred; (4) holding facility:
facility at which public adoptions are not offered and operates solely as a housing facility; (5)
transport facility: facility at which public adoptions are not offered and only transports dogs
through inter- or intrastate travel; (6) dog sanctuary: facility at which public adoptions are not
offered and lifelong care is provided for dogs. These canine humane organization definitions
were derived from the Association of Shelter Veterinarians published shelter terminology
(Association of Shelter Veterinarians, 2017).
Organizations with questionable functionality were contacted by either email or phone
call to confirm the humane organization’s functionality and existence. Two attempts were made
to contact each facility, after which, the organization was deemed “no response”. Descriptive
statistics were calculated using Microsoft Excel.
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Results
In the contiguous United States (n=48), 21 states required humane organizations to
register with state regulatory agencies, but 4 of these states could not provide a registration list at
the time of the study (Table 3).
Table 3

Registration requirements by region

Region

State requires
registration and list
obtained
Freq (%)

No known state
registration
requirements
Freq (%)

No response
or evidence of
existing list
Freq (%)

West
Midwest
Southeast

1 (2)
6 (13)
3 (6)

5 (10)
1 (2)
7 (15)

3 (6)
3 (6)
2 (4)

States require
registration, but
unable to
replicate list
Freq (%)
0 (0)
2 (4)
0 (0)

Southwest

1 (2)

3 (6)

0 (0)

0 (0)

Northeast

6 (13)

1 (2)

2 (4)

2 (2)

Total

17 (35)

17 (35)

10 (21)

4 (8)

In total, 2,444 organizations were identified through comprehensive searches and list
comparisons in the study states of Colorado, Michigan, Mississippi, Oklahoma, and
Pennsylvania. Of the 2,444 organizations identified, 1,534 (63%) were described as a canine
humane organizations and 910 (37%) were not. The frequency of canine humane organizations
identified by state is found in Table 4. Canine humane organizations were either identified
uniquely by the states’ provided registry (Table 5) or by internet searches (Table 6). The
frequency of the non-canine humane organizations identified and their primary reason for
exclusion by state is found in Table 7.
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Table 4

Canine humane organizations by state

State

Animal
shelter
Freq (%)

Holding
facility
Freq (%)

Transport
network
Freq (%)

Sanctuary
Freq (%)

65 (21)

Foster-based Breed
rescue
specific
Freq (%)
rescue
Freq (%)
136 (45)
57 (19)

Colorado
(n=303)

38 (38)

2 (1)

5 (2)

Michigan
(n=427)

133 (31)

163 (38)

101 (24)

30 (7)

0 (0)

0 (0)

Mississippi
(n=141)

59 (42)

53 (28)

19 (13)

3 (2)

4 (3)

3 (2)

Oklahoma
(n=350)

101 (29)

117 (33)

125 (36)

4 (1)

2 (1)

1 (<1)

Pennsylvania 113 (36)
(n=313)

113 (36)

85 (27)

0 (0)

0 (0)

2 (1)

Total
(n=1,534)

582 (38)

387 (25)

75 (5)

8 (1)

11 (1)

471 (31)

The frequency of canine humane organizations identified by state and primary function, n=1,534.
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Table 5
State

Canine humane organizations identified by state registries
Animal Shelter Foster based Breed specific Holding
Freq (%)
Freq (%)
Freq (%)
Facility
Freq (%)
127 (37)
5 (3)
3 (8)
11 (73)

Transport Sanctuary
Facility
Freq (%)
Freq (%)
0 (0)
0 (0)

Mississippi
(n=65)

51 (15)

13 (9)

0 (0)

0 (0)

0 (0)

1 (14)

Oklahoma
(n=37)

16 (5)

9 (6)

6 (16)

0 (0)

1 (.03)

0 (0)

Pennsylvania 88 (26)
(n=108)

22 (15)

2 (5)

0 (0)

0 (0)

2 (29)

Colorado
(n=191)

61 (18)

96 (66)

26 (70)

4 (27)

0 (0)

4 (57)

Total
(n=547)

343(63)

145 (27)

37 (7)

15 (3)

1 (0.2)

7 (1)

Michigan
(n=146)

The frequency of unique canine humane organizations identified by state government
registration lists, n=547.
Table 6
State

Canine humane organizations identified by internet search
Animal
Shelter
Freq (%)
6 (2)

Foster
based
Freq (%)
158 (56)

Breed
Specific
Freq (%)
98 (35)

Holding
Facility
Freq (%)
19 (7)

Transport
Facility
Freq (%)
0 (0)

Sanctuary
Freq (%)

Michigan
0 (0)
(n=281)
Mississippi
8 (11)
40 (53)
19 (25)
3 (4)
4 (5)
2 (3)
(n=76)
Oklahoma
80 (26)
108 (35)
119 (38)
4 (1)
1 (<1)
1 (<1)
(n=313)
Pennsylvania 25 (12)
97 (47)
83 (40)
0 (0)
0 (0)
0 (0)
(n=205)
Colorado
4 (4)
40 (36)
31 (28)
34 (30)
2 (2)
1 (1)
(n=112)
Total
123 (12)
443 (45)
350 (35)
60 (6)
7 (1)
4 (<1)
(n=987)
The frequency of unique canine humane organizations identified by state Internet searches,
n=987.
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Table 7
State

Michigan
(n=172)
Mississippi
(n=351)

Non-canine humane organizations reasons for exclusion
Pet
Vet
store clinic
or
Freq
breeder (%)
Freq
(%)
6 (3) 8 (5)

HO
financial
backing
Freq (%)

Operate
out of
state
Freq
(%)

Care for
other
species
Freq
(%)

No contact No
Not Other
information answer to active Freq
found
attempted Freq (%)
Freq (%) contact (%)
Freq (%)

2 (1)

8 (5)

54 (31) 27 (16)

40 (23)

6 (3) 21 (12)

2 (.6)

7 (2) 7 (2)

24 (7)

122 (35) 40 (11)

80 (23)

10
(3)

59 (17)

Oklahoma 0 (0)
(n=69)
Pennsylvania 1 (.6)
(n=164)

3 (4) 5 (7)

4 (6)

13 (19) 13 (19)

15 (22)

4 (2) 5 (3)

11 (7)

54 (33) 39 (24)

9 (5)

9
7 (10)
(13)
20
21 (13)
(12)

Colorado
0 (0) 8 (5) 1 (.6)
25 (16) 80 (52) 14 (9)
10 (6)
4 (3) 10 (6)
(n=154)
Total
9 (1) 30
20 (2)
72 (8) 323 (35) 133 (15)
154 (17) 49
120
(n= 910)
(3)
(5) (13)
The frequency of non-canine humane organizations identified through state registries and
internet searches and reason for exclusion by state, n=910.
Discussion
This is the first known report to comprehensively characterize canine humane
organizations over a broad geographical area of the United States (Colorado, Michigan,
Mississippi, Oklahoma, and Pennsylvania). Since there is currently no national agency
overseeing the functions of humane organizations within the United States, regulation of animal
humane organizations is left to the discretion of the state. Most states selected for this study
regulate humane organizations through the enactment of state laws. For example, Act 287 of
1969 was implemented in the state of Michigan in order to “regulate animal care facilities and
establish minimum guidelines and requirements for the placement of animals” (PET SHOPS,
DOG POUNDS, AND ANIMAL SHELTERS, 1969). The Colorado Pet Animal Care Facilities
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Act (PACFA), the Pennsylvania Dog Law, and the Commercial Pet Breeders and Animal Shelter
Licensing Act of Oklahoma, were established to protect shelter animal health and welfare and to
enforce licensing and facility inspection throughout each state (RULES PERTAINING TO THE
ADMINISTRATION AND ENFORCEMENT OF THE PET ANIMAL CARE AND
FACILITIES ACT, 2014; DOG LAW, 2008; Commercial Pet Breeders and Animal Shelter
Licensing Act, 2012). The state of Mississippi does not regulate humane organizations in the
state.
Canine humane organizations were classified as animal shelters, foster-based rescues,
breed specific rescues, transport networks, holding facilities, or sanctuaries. Additional terms
such as animal control shelter, animal protection shelter, animal rescue, animal sanctuary facility,
humane society, rescue network kennel, non-profit kennel, and pet transporter were used to
describe humane organizations in the study states. These terms were often used interchangeably,
which may allow some organizations to operate outside of state requirements.
This study identified 547 canine humane organizations by the state-supplied registration
lists, whereas 987 additional canine humane organizations were identified through Internet and
county-by-county searches. This suggests that organizations potentially 1) did not meet the
respective state’s registration requirement, 2) were unaware of registration requirements, or 3)
were knowingly operating outside of the respective state’s requirements. Because some states
define a facility based on government involvement, 501(c)3 status, or the minimum number of
animals housed at the facility, it is possible that organizations were not required to register within
their state because they did not technically meet the definition of a registry required organization.
Therefore, these organizations were not included on state-supplied registry lists.

35

Foster-based rescues were the most numerous type of organization identified through
Internet county-by-county searches. This suggests that smaller-scale organizations may be able
to operate within the state without registration. The large number of foster based rescues
identified may suggest that rescues are becoming a more popular option to house and care for
dogs as opposed to the traditional sheltering environment. Additionally, these foster based
rescues may have been more readily identified through internet searches because they typically
promote available dogs for adoption on pet adoption websites, social media, or rescue websites.
As previously defined, these types of organizations operate as a network of residential homes,
without a physical building for adopters to visit. This lack of physical facility could have
enhanced their online presence.
A small number of holding facilities, transport networks, and sanctuaries were identified
in this study. This suggests that few of these facilities exist. However, it is possible that
additional organizations such as these exist but were not identified. It is also possible that other
categories of organizations perform these types of services but primarily function in a different
manner.
Conclusions
Many types of humane organizations exist in the US. The terms used to describe these
organizations vary, as do the services provided by each of the facilities. Understanding humane
organizational functions, helps quantify the humane care industry. Our observation that
hundreds of humane care organizations operate outside of state requirements for registry
identifies a need for standardized registration requirements and a national registry of non-human
humane organizations as these organizations are vital to a community’s ability to rehome
animals and maintain community public health.
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Summary
United States animal shelters care for unwanted dogs until they are adopted, transferred
to another facility, or euthanized. The objective of this study was to identify phenotypic
characteristics predicting adoption of dogs after being received into a shelter. Individual dog
records for 2017 were requested from shelters from five states (Mississippi, Pennsylvania,
Michigan, Colorado, and Oklahoma) that received municipal funding and utilized electronic
record keeping methods. Duplicate dog records were removed and records from 17 different
shelters were merged into a dataset of 25,047 unique dogs with variables of breed, gender, coat
color, size, age, region, and length of shelter stay. Only dogs with the potential for adoption
(n=19,514) were eligible for the analysis, with a simple random sample of 4,500 dogs used for
model building. Variables describing coat length, estimated adult size, and skull type were
imputed from breed phenotype. A Cox proportional hazard model with a random effect of shelter
was developed for the outcome of adoption using manual forward variable selection.
Significance was set at alpha = 0.05. Dogs from the North were more likely to be adopted than
dogs from the South (HR=3.13, 95% C.I. 1.27-7.67), in addition to dogs from the West versus
those from the South (HR=3.81, 95% C.I. 1.43-10.14). The effect of estimated adult size, skull
type, and age group on adoption were each modified by time in the shelter (p<0.001). The results
of this study indicate that phenotypic characteristics of dogs are predictive of their hazard for
adoption from shelters.
Introduction
The United States dog sheltering industry has experienced a decline in shelter dog
euthanasia and an increase in favorable shelter dog outcomes including adoption, transfer, and
return to owner, commonly known as “live release” (S. M. Hawes et al., 2019), in recent years.
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This decline in euthanasia may be due to population control through spay/neuter programs, the
increasing availability of affordable pet veterinary care, or the rise of no kill shelters (A. Rowan
& Kartal, 2018). It has been estimated that only 30% of US dog owning households obtain their
dogs from a shelter (APPA, 2017). This implies that, when dogs enter the shelter, they are in
competition with one another for permanent homes and shelter space. One solution to lessen
shelter overcrowding and rehome dogs more efficiently would be for shelter personnel to
identify specific phenotypic traits that adopters prefer and allocate resources to the adoption of
such dogs. Such phenotype identification may help improve shelter live release rates and
ultimately lower shelter dog euthanasia.
Previous studies suggest that phenotypes such as age, coat length, color, size, and breed
are important factors associated with dog outcome. Puppies had lower rates of euthanasia
(Clevenger & Kass, 2003b) and greater chances of adoption (Lepper et al., 2002). Lighter
colored dogs were more likely to be adopted than their darker counterparts (Posage et al., 1998),
while medium and long coated dogs in the UK were more likely to be adopted, as well as small
dogs and purebreds (Siettou et al., 2014).
Another factor commonly associated with dog outcome is breed. For example, in one
study, coat color was a less meaningful predictor of outcome than breed (Sinski et al., 2016).
Others have found that certain breed groups are more adoptable or have shorter lengths of shelter
stay (W. P. Brown et al., 2013; Svoboda & Hoffman, 2015). However, studies have found that
shelter employee visual identification of dog breed is often not consistent with genetic breed
analysis (Voith et al., 2009) and that only 5% of dogs entering shelters are purebred (L. Gunter,
2018). The breed misclassification of shelter dogs makes it difficult to study the effect of breed
on outcomes.
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Adopter preference studies suggest that dog appearance is one of the most important
factors considered prior to adopting shelter dogs (Garrison & Weiss, 2015; Protopopova et al.,
2012; Weiss et al., 2012, 2014). Understanding adopter preferences could help shelter employees
make evidence-based decisions regarding dogs’ potential risk for adoption as they are admitted
into the shelter’s care. However, our current ability to quantify this risk is limited because of
small sample size in previous studies due to small numbers of shelters, small numbers of dogs, or
limited geographic range. Therefore, the objective of this study was to identify the phenotypic
traits of shelter dogs associated with risk for adoption using a larger number of dogs coming
from representative regions of the United States, while considering length of stay in the shelter.
Materials and Methods
Shelters were chosen for inclusion in this study from a previously compiled census of
shelters in five study states: Mississippi, Pennsylvania, Michigan, Colorado, and Oklahoma. This
list represented 342 shelters. Only shelters that received municipal funding and kept electronic
records were included in the final shelter frame because municipally funded shelters were those
shelters most likely to be open-admission and electronic records were necessary to facilitate data
collection. Shelter contact was attempted twice by email, in which either a copy of the shelter’s
records from January 1, 2017 - December 31, 2017, or the login information to their commercial
record keeping database was requested. After two contact attempts, no further contact was
sought. Seventeen shelters provided records for this study.
For some shelters, records included duplicate entries of dogs. Such dogs were identified
by the shelter’s database derived animal identification number that was associated with each dog
upon intake. When possible, duplicate dogs were merged into single entries in the final dataset.
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Length of Stay (LOS) was then calculated as the number of days between intake and the first
outcome.
The subjects of interest in this study were dogs with the potential for adoption. Therefore,
dogs with an outcome of owner requested euthanasia, returned to owner, or deceased on arrival
were not included in the final dataset. Dogs with a LOS equal to zero days were also excluded
from analysis. The final dataset contained 19,514 unique dogs.
Dogs may have had more than one outcome if they were adopted then returned to the
shelter post-adoption several times, or if they were admitted more than once to the shelter as a
stray. Approximately 1,541 dogs had more than one outcome and LOS which was accounted for
by creating multiple outcome and LOS variables. No dog had more than four outcomes. Only the
first outcome and first LOS were evaluated in the analysis.
Dataset Variables
Because of the common misidentification of dog breed, phenotypic traits were imputed
from each listed breed, including predicted adult size, coat length, and skull type. These variables
were created by searching public pet adoption websites to visually standardize the sheltering
industry label of each breed. For instance, if a dog in the dataset was identified as a husky, the
term “husky” was entered in the search platform, and current shelter dogs identified as huskies
were examined to standardize the appearance of their skull type, coat length, and estimated adult
size. In this example, dogs identified as a husky would be classified as mesocephalic, long
coated, and medium sized.
Dogs were considered to have a brachycephalic skull type if their standardized breed
phenotype had shorter heads and wider skulls (e.g. Pugs, bulldogs). Dolichocephalic skulled
dogs had longer heads, with characteristic long noses (e.g. hounds, collies). Dogs categorized as
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mesocephalic skull type had heads that were a fair medium between the two extremes (e.g.
labradors, cocker spaniels). Guidelines to aid in assigning skull types to each breed were used to
decrease misclassification (Coren, 2016; Stone et al., 2016).
Breeds were categorized by body weight as “small,” “medium,” “large,” and “giant” if
their expected adult weights were less than or equal to 13.6 kilograms, greater than 13.6
kilograms to less than or equal to 22.7 kilograms, greater than 22.7 kilograms to less than or
equal to 31.8 kilograms, or greater than 31.8 kilograms, respectively. If dog records had sizes
reported, then these reported sizes remained and were analyzed further. However, if dogs were
puppies, then the size entry was changed to reflect breed estimated adult size. Because giant dogs
only represented 2% of entries in the dataset, the giant category was combined with the large
category. Outlier dog weights were removed from the dataset. Outlier weights included one
1,110-pound dog and twelve 0-pound dogs. The coat length variable was assigned as either short,
medium, or long. Because medium coated dogs included only 10% of entries, the medium coat
length group was combined with the long coat length group.
A blockhead variable was imputed from primary and secondary breeds to identify dogs
that characteristically have square shaped heads. If dogs were described as pit bulls, staffordshire
terriers, Boxers, Cane Corsos, mastiffs, English Bulldogs, bulldogs, American Bulldogs, or
Rottweilers they were considered to be blockheaded (Patronek & Crowe, 2018).
Primary and secondary coat colors were categorized into 8 colors (black, brown, red,
grey, white, tan, yellow, and blue) from 44 different variants of color reported in the provided
dog records.
Age group was categorized as “puppies,” “young adults,” “adults,” and “seniors” if the
reported age was less than or equal to 6 months, greater than 6 months to 2 years, greater than 2
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years to less than 8 years, or greater than or equal to 8 years, respectively. Because there is no
phenotypic indicator to differentiate the age of young adults versus adults, as there is for puppies
at approximately 6 months with the eruption of permanent canines, the young adult group was
combined with the adult group.
Region where each shelter was geographically located was categorized as southern,
northern, or western. The southern region included shelters from Mississippi and Oklahoma. The
northern region included shelters from Michigan and Pennsylvania. The western region included
shelters from Colorado.
Data Analysis
Inferential statistics were computed using SAS for Windows 9.4 (SAS Institute, Inc.,
Cary, NC), and sample size calculations were performed using Epi Info (CDC, Atlanta, GA).
Crude descriptive statistics were completed using Microsoft Excel.
An extended Cox proportional hazard regression model was created through manual
forward variable selection. Variables were retained in the model if Wald type 3 p-values were
significant at an alpha equal to 0.05. Shelter was included as a random effect in the model. Age
group, coat length, estimated adult size, skull type, presence of a blockhead, region, primary coat
color, and gender were tested for inclusion as fixed effects. To improve model stability, the
length of stay was limited to 80 days, after which a dog was considered censored.
To reduce the ability to detect very small differences in independent variables, a simple
random sample was taken from the dataset of 19,514 dogs using SAS, PROC SURVEY
SELECT. Using the cohort study sample size calculator from Epi Info, a sample size of
approximately 4,500 dogs was determined to be sufficient to determine meaningful differences at
a 95% confidence level, assuming 95% power, and a risk ratio of approximately 0.88.
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The proportional hazards assumption was tested by creating and testing a time interaction
variable for each fixed effect. Variables with time interactions were depicted graphically using
methods described by Dohoo (2014). Multiple comparisons were adjusted using Tukey-Kramer
methods. Dogs with incomplete information for all of the phenotypes included in the model were
ultimately excluded.
Results
Of the 342 shelters included on the shelter list, 86 (25%) shelters met both criteria of
receiving municipal funding and keeping electronic records. Seventeen of 86 (20%) shelters
provided complete records for analysis. Of the 19,514 dogs with the potential to be adopted,
12,793 (67%) were adopted, 2,657 (14%) were euthanized, 3,141 (16%) were transferred, 153
(1%) either escaped, were missing, or died in the shelter, and 770 (3%) had unknown outcomes.
Of the 19,514 dogs, 509 dogs that were censored at 80 days, as they had not yet experienced an
outcome by the end of the study time frame. These censored dogs are accounted for in the 770
dogs with an unknown outcome. The median LOS for dogs to be adopted was 10 days with a
mean (standard deviation) of 14.1 days (13.4 days). Using the dataset of 19,514 dogs and the
random sample of 4,500 dogs, the frequency of variables tested for model inclusion are outlined
in Table 8. From the random sample of 4,500 dogs used for model building, 2,988 (66%) were
adopted. Every shelter was included in the sample.
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Table 8

Frequencies of phenotypes tested for multivariate adoption model inclusion using
the full dataset 19,514 shelter dogs and the simple random sample of 4,500 dogs

Variable

Response

Coat
Length
Skull
Type

Counts Frequency Observations SRS
SRS
(%)
Counts Frequency
(%)
Short
13,214 69
19,287
3,058 69
Long
6,073 31
1,393 31
Brachycephalic 5,875 32
18,648
1,340 31
Mesocephalic 9,162 49
2,084 48
Dolichocephalic 3,611 19
900
21

Estimated Small
Adult Size Medium
Large
Blockhead Present
Type
Not Present
Coat
Black
Color
Blue
Brown
Grey
Red
Tan
White
Yellow
Gender
Male
Female
Age
Puppy
Group
Adult
Senior
Region
South
North
West

5,503
4,290
9,563
4,163
15,351
5,920
364
2,147
490
1,064
3,304
2,539
322
10,020
9,258
4,026
12,973
1,606
3,948
7,168
8,398

28
22
49
21
79
37
2
13
3
7
20
16
2
52
48
22
69
9
20
37
43

19,356
19,514
16,150

19,302
18,605
19,514

1,237
986
2,244
976
3,524
1,370
95
514
114
245
749
601
75
2,266
2,177
911
2,997
381
871
1,749
1,880

28
22
50
22
78
36
2
14
3
7
20
16
2
51
49
21
70
9
19
39
42

SRS
Observations
4,451
4,324

4,467
4,500
3,763

4,443
4,289
4,500

Presence of a blockhead and skull type were collinear when both variables were included
in the model. Therefore, skull type was chosen for model inclusion as it provided better model
fit. Variables in the final model included region, age group, predicted adult size, and skull type
(Table 9).
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Table 9

Extended Cox regression model for adoption including time interactions for
variables failing to meet model assumptions

Parameter

Parameter Standard Chi-Square Pr > ChiSq Hazard
Estimate
Error
Ratio

95% Hazard
Ratio
Confidence
Limits

Puppy

0.52299

0.12883

16.4794

<.0001

1.687 1.311

2.172

Senior

-1.60083

0.23890

44.9008

<.0001

0.202 0.126

0.322

Adult

0

.

.

.

Small

0.56154

0.12863

19.0589

Medium

0.47117

0.13638

0

Brachycephalic
Dolichocephalic

.

.

<.0001

1.753 1.363

2.256

11.9366

0.0006

1.602 1.226

2.093

.

.

.

-0.88982

0.13745

41.9113

-0.16450

0.13538

0

North

Large

.

.

.

<.0001

0.411 0.314

0.538

1.4764

0.2243

0.848 0.651

1.106

.

.

.

1.14019

0.38305

8.8604

West

1.33720

0.41783

South

0

Puppy*LOS
Senior*LOS

Mesocephalic

.

.

.

.

0.0029

3.127 1.476

6.626

10.2423

0.0014

3.808 1.679

8.638

.

.

.

-0.05625

0.05468

1.0583

0.40597

0.08945

Adult*LOS

0

Small*LOS
Medium*LOS

.

.

0.3036

0.945 0.849

1.052

20.6003

<.0001

1.501 1.259

1.788

.

.

.

-0.15707

0.05284

8.8366

-0.15029

0.05948

0

Brachycephalic*LOS
Dolichocephalic*LOS

Large*LOS

Mesocephalic*LOS

.

.

.

0.0030

0.855 0.771

0.948

6.3844

0.0115

0.860 0.766

0.967

.

.

.

0.19637

0.05461

12.9290

0.04106

0.05722

0

.
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.

.

.

.

0.0003

1.217 1.093

1.354

0.5150

0.4730

1.042 0.931

1.166

.

.

.

.

.

Region was associated with adoption and met the proportionality assumption. Dogs in the
north had adjusted hazard ratios (HR) for adoption different from those in the south (HR=3.13,
95% C.I. 1.27-7.67) as well as dogs in the west compared to those in the south (HR=3.81, 95%
C.I. 1.43-10.14). Adoption of dogs from the north was not different from adoption of dogs from
the west (p=0.845).
Age group had an interaction with time (p<0.001) and did not meet the proportionality
assumption. Hazard ratios for puppies and seniors compared to adult dogs were graphed over the
LOS in days (Figure 1). A solid line is graphed at HR=1 used to demonstrate “null” HR value.

Figure 1

Adoption age group by length of stay interaction

Adoption model adjusted age group interaction accounting for length of stay displayed as hazard
ratios, estimated from the simple random sample of 4,500 dogs, compared to the referent adult
group.

Predicted adult size had an interaction with time (p=0.0005) and did not meet the
proportionality assumption. Hazard ratios for small and medium size dogs compared to large
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dogs were graphed over the LOS in days (Figure 2). A solid line is graphed at HR=1 used to
demonstrate “null” HR value.

Figure 2

Adoption estimated adult size by length of stay interaction

Adoption model adjusted estimated adult size interaction accounting for length of stay displayed
as hazard ratios, estimated from the simple random sample of 4,500 dogs, compared to the
referent large group.

Skull type also had an interaction with time (p<0.001) and did not meet the
proportionality assumption. Hazard ratios for brachycephalic and dolichocephalic dogs compared
to mesocephalic dogs were graphed over the LOS in days (Figure 3). The hazard of adoption of
dolichocephalic dogs compared to mesocephalic dogs was not different over time (p=0.473). A
solid line is graphed at HR=1 used to demonstrate “null” HR value.
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Figure 3

Adoption skull type by length of stay interaction

Adoption model adjusted skull type interaction accounting for length of stay displayed as hazard
ratios, estimated from the simple random sample of 4,500 dogs, compared to the referent
mesocephalic group.

Discussion
To our knowledge a multiregional study of this scale has not previously been conducted
and thus the results of this study are more applicable to shelters across the US than previous
studies. An important finding of this study was that as LOS increased, the risk of adoption
changed for phenotypes of age group, predicted adult size, and skull type. It was through the use
of survival analysis methods that we were able to detect these relationships. The methods of
analysis used in previous studies would not have detected these time dependent interactions.
When comparing puppies to adults, we found that puppies had a greater hazard for
adoption that generally decreased as LOS increased. Although the risk of adoption changed for
puppies over time, puppies were found to always have a higher risk for adoption than adults.
This finding demonstrates that the longer puppies stay in the shelter, the lower the chance that
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they will be adopted. Previous studies have reported that, as dogs increase in age, their chance
for adoption decreases, thus making puppies the most adoptable age group (DeLeeuw, 2010;
Garrison & Weiss, 2015; Lepper et al., 2002; Wells & Hepper, 1992). It has also been previously
reported that puppies have the shortest length of shelter stay (W. P. Brown et al., 2013; Patronek
& Crowe, 2018; Svoboda & Hoffman, 2015). Although the literature does identify that puppies
are more adoptable than adults, this study enhances what is known about puppy adoptability by
identifying a LOS relationship that was previously unknown.
When comparing seniors to adults, seniors had a lower hazard for adoption which
steadily increased as LOS increased. At approximately 50 days, the adoption hazard ratio (HR)
of seniors to adults was equal to 1. This HR demonstrates that after 50 days, seniors are
considered more adoptable than adults within the study time frame of 80 days. This relationship,
to the authors knowledge, has not been previously described. One study found that dogs 8 years
or older are “marginally” more likely to be adopted compared to 5-7 year old dogs (Siettou et al.,
2014). Another study found that when only analyzing geriatric dogs, their average LOS was 89
days, but that health condition was the most predictive factor for adoption (S. Hawes et al.,
2018). Our findings indicate that the longer senior dogs remain in the shelter, the more adoptable
they become relative to other age groups with the same LOS. We speculate that this may happen
because some adopters or rescue groups enter shelters specifically to adopt older dogs. Some
rescues will only adopt geriatric dogs from shelters for end of life care. Another explanation may
be that shelters increasingly promote or advertise the adoption of senior dogs once they have
been available for adoption for a certain amount of time. However, this study did not collect
shelter dog promotional information, so these are simply speculations. Identifying this senior-
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time-adoptability relationship is important because it demonstrates that the longer seniors are in
the shelter the more adoptable, they become.
We also found that the effect of dog size on adoptability changes as LOS increases. Small
dogs initially have a higher HR for adoption compared to large dogs, which gradually decreases
over time. A size-outcome relationship has been identified in previous studies. For instance, one
study states that small dogs have the shortest LOS, but medium dogs have the longest (Brown et
al., 2013). Another study found that small dogs were more likely to be adopted than large dogs
(Posage et al., 1998). However, these studies do not identify a change in risk of adoption as LOS
increases. Quantifying a specific time period in which small and medium sized shelter dogs have
significantly less adoptability is a novel, useful finding for shelter employees. Shelters may be
able to use this information to promote adoption of these dogs during their initial days upon
intake, as they become less adoptable the longer they remain in the shelter. An initial preference
for small and medium sized dogs, as opposed to large dogs may be explained by weight
restrictions for adopter’s living conditions such as rental properties, or the general ease of care
for dogs that are smaller in size.
The final time-dependent phenotype identified in this study was skull type. This is the
first study to the authors’ knowledge to analyze skull type as a predictor for adoption and the
first study to identify a time dependent relationship between this phenotype and adoption.
Previous work found that dogs with a blockhead had lower odds of live release (Patronek &
Crowe, 2018). However, this previous study failed to account for additional skull types and the
LOS effect on adoption risk. The finding that brachycephalic dogs are always less adoptable than
mesocephalic dogs may be explained by the brachycephalic categorization of breed. Some of
these brachycephalic breeds include pit bulls, bulldogs, and rottweilers, which are often
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overabundant in US shelters, are subject to breed mislabeling (L. M. Gunter et al., 2016), and are
often targeted in breed specific legislation (Olson et al., 2015). The finding that the longer
brachycephalic dogs are in the shelter does not change their overall adoptability should allow
shelter staff make more efficient and objective decisions regarding brachycephalic dog’s
outcomes.
The only static relationship identified in this study was that of region. Dogs from the
southern region were significantly less likely to be adopted compared to dogs in the north and
west. This result agrees with previous findings (Woodruff & Smith, 2019). States in the southern
US tend to have a larger population of homeless animals which may be explained by mild winter
temperatures, conducive for stray animals to survive. Also, southern states tend to have lax dog
legislation enforcement thus, allowing for a greater number of stray dogs to enter shelters yearround and reducing individual shelter dogs’ chances of adoption. This is opposed to many
northern states which typically have harsh winters and enforce stricter pet ownership laws
including leash laws or spay-neuter requirements, thus lowering the regional shelter dog
population (Clifton, 2014). Although states were divided into different regions, the sampling of
states in each region was predetermined based on state selection from a previous study.
Therefore, some regions, such as the western region, contained one state: Colorado. The results
from this study may be directly applicable to shelters within Colorado, but not necessarily to all
other states in the Western US. This is also the first study to the authors knowledge to analyze
factors affecting shelter dog adoption in Mississippi, Colorado, and Oklahoma. This knowledge
can help shelter employees in both states better understand desirable phenotypes of dogs in their
care.
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This study demonstrates that imputed phenotypes such as skull type, predicted adult size,
or coat length may be more predictive of outcome than breed or breed group alone. Previous
studies have identified breed as a primary factor affecting shelter dog outcome, with some
researchers finding that purebred dogs were more likely to be adopted than mixed breed dogs
(Siettou et al., 2014), that breed groups such as lap dogs, cocker spaniels, giant companion
breeds, and “ratters” were more likely to be adopted compared to large companion breeds
(Lepper et al., 2002), and that toy, terrier, hound, and nonsporting breed groups were more
adoptable than comparison groups (Posage et al., 1998). Because the American Kennel Club
(AKC) breed groups are phenotypically variable (American Kennel Club, 2019), it is often
difficult to standardize phenotypes of such groups accurately and, therefore, it is likely that each
shelter employee may identify the breed and purebred status of dogs entering the shelter
differently. Unless genetic analyses are performed on all dogs entering each shelter,
misidentification of breed may occur and subsequently lead to false results when analyzing the
effect of breed type on adoption. Rather, a more accurate system for shelters to implement in
their record keeping system may be through maintaining photographs of dogs when entering the
shelter, in addition to recording phenotypic characteristics such as skull type, coat length, size,
coat color, and/or coat pattern and their best estimation of breed.
Misclassification bias may have been introduced during phenotype assignment from
recorded breed. When imputing the skull type, estimated adult size, and coat length variables,
there were some recorded breeds that were impossible to impute additional phenotypes from. For
instance, some dogs were labelled as “terriers” or “mixed breed dogs” in which researchers were
not able to impute phenotypes from such a general breed identification. Therefore, usable
information from these dogs was limited. It is also possible that the actual appearance of each
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dog was not accurately described by the recorded breed, as it has been previously found that
shelter workers may purposefully mislabel dog breed if they reside in a community with breed
specific legislation (Hoffman et al., 2014).
This study is likely a reflection of the types of shelter dogs’ adopters prefer. This
evidence should allow shelter employees to make more objective decisions regarding the
outcomes of dogs in their care by utilizing shelter record keeping to determine which dogs are
preferred by adopters in their communities. Using the knowledge identified in this study, shelter
workers may be able to pick out certain, apparently healthy dogs for adoption and forgo shelter
health or behavioral protocols to reduce LOS, a shelter practice referred to as “fast tracking” (UC
Davis Koret Shelter Medicine Program, 2015). Based on this study, shelter employees might
attempt to “fast track” puppies and dogs small or medium in size but not dogs with a
brachycephalic skull type, to expedite their chances of adoption and reduce their length of shelter
stay. As fast-tracked dogs are removed from the adoptable shelter population, shelters employees
will be able to properly allocate resources to dogs that may require a longer LOS, such as senior
dogs or large dogs. These non-fast-tracked dogs could instead be sent onto transfer programs or
remain in the shelter because their perceived adoptability increases over time. Shelters could then
properly allocate funds to dogs that previously would be utilized on housing dogs that are
phenotypically more adoptable. Ultimately, this could allow shelters to increase their live release
rate and reduce the number of dogs euthanized by freeing up kennel space from fast-tracked and
transferred dogs.
Conclusion
This study supports the hypothesis that phenotypes in conjunction with length of shelter
stay influences adoption of shelter dogs in the United States. Through the use of 17 different
56

shelters’ records, this study also identified that the risk for shelter dog adoption is not constant
for each phenotype, but changes as dogs’ length of shelter stay increases. As municipally funded
shelters were the type of shelter records utilized in this study, this information is directly
applicable to such shelter employees to make objective, phenotype-based outcome decisions for
dogs entering their care. This could be in the form of fast tracking highly adoptable dogs or
transferring dogs with lower chances of adoption to ultimately reduce shelter dog euthanasia.
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Summary
United States animal shelters care for unwanted dogs until they are adopted, transferred
to another facility, or euthanized. The objective of this study was to identify phenotypic
characteristics predicting the outcome of euthanasia for dogs entering shelters compared to live
release. Individual dog records for 2017 were requested from shelters from five states
(Mississippi, Pennsylvania, Michigan, Colorado, and Oklahoma) receiving municipal funding
and using electronic records. Duplicate dogs were removed and records from 17 shelters were
merged into a dataset of 25,047 unique dogs with variables of breed, gender, coat color, size,
age, region, and time in shelter. Only data from dogs with the potential to be adopted (n=19,514)
were analyzed. Variables describing coat length, estimated adult size, and skull type were
imputed from breed phenotype. A Cox proportional hazard model with a random effect of shelter
was developed for the outcome of euthanasia using manual forward variable selection.
Significance was set to an alpha = 0.05. A size by region interaction was associated with the
hazard of euthanasia (p=0.0204). Also, age group and skull type were found to have constant
hazards for euthanasia compared to live release. The results of this study indicate that phenotypic
characteristics of dogs are predictive of their hazard for euthanasia in the shelter system.
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Introduction
Over the years, awareness for shelter dog euthanasia has increased among the US general
public and veterinarians alike. In 1988, an estimated 9.9 to 16.6 million dogs were euthanized in
shelters (Carter, 1990), however estimates were often limited by a lack of sufficient evidence
regarding the number of shelters present in the United States and, subsequently, the number of
dogs in shelters’ care (A. N. Rowan, 1992). Currently it is estimated that 670,000-777,000
shelter dogs are euthanized each year (ASPCA, 2019; Woodruff & Smith, 2019). These
estimates are markedly decreased from previous estimates, implying that intervention programs
such as an increase in pet sterilization or transfer programs successfully increased shelter live
release. Live release, or a favorable outcome for shelter dogs by adoption, return to owner, or
transfer, is commonly a measure that shelters use to describe outcome success compared to
euthanasia.
Although shelter dog euthanasia has been on the decline, the option still remains for
shelters to euthanize dogs if they believe such dogs are unlikely to be rehomed. One way for
shelter workers to make the euthanasia decision more objective is to identify phenotypic traits to
help predict euthanasia of shelter dogs. One of the most common risk factors identified with an
outcome of euthanasia is breed type. Several studies have identified pit bulls, rottweilers, Chow
Chows, and/or members of the “fighting” or “bully” breed class as either having a lower chance
of adoption or an increased chance of euthanasia (Clevenger & Kass, 2003a; Lepper et al., 2002;
Sinski et al., 2016; Svoboda & Hoffman, 2015).
Other phenotypes such as age group and coat color have been found to place shelter dogs
at an increased risk for euthanasia. Several researchers have identified black or dark coated dogs
as having an increased chance of euthanasia (DeLeeuw, 2010; Posage et al., 1998; Wells &
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Hepper, 1992). One study asked potential adopters to rank photographs of shelter dogs from
most adoptable to least adoptable. They found that dogs which were eventually adopted were
ranked as the most attractive, and the ones eventually euthanized were ranked as least attractive
(Protopopova et al., 2012).
This evidence implies that phenotype absolutely has an effect on shelter dog euthanasia.
However, previous studies identifying phenotypic traits associated with euthanasia are typically
limited by the number of shelters used in analysis, shelter’s geographic location, or sample size.
With such limitations in mind, the objective of this study was to determine factors associated
with shelter dog euthanasia, compared to live release outcomes of shelter dogs using a more
representative sample of dogs from five US states.
Materials and Methods
Methods for this study are as detailed in Chapter III, with one exception that a simple
random sample (SRS) of 6,200 dogs was taken from the dataset of 19,514 dogs eligible for
adoption. This sample size was sufficient to show differences at a 95% confidence level,
assuming 95% power, and a risk ratio of 1.6. Factors affecting shelter dog euthanasia were tested
compared to adoption and transfer outcomes.
Results
Of the dogs only with the potential to be adopted, the probability of a dog to be
euthanized was 14%. The median LOS for dogs to be euthanized was 6 days with a mean
(standard deviation) of 9 days (10.7 days). The frequency of dogs with each phenotype tested for
inclusion in the model are summarized in Table 10.
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Table 10

Frequencies of phenotypes tested for multivariate euthanasia model inclusion using
the full dataset 19,514 shelter dogs and the simple random sample of 6,200 dogs

Variable

Response

Coat
Length
Skull
Type

Counts Frequency Observations SRS
SRS
(%)
Counts Frequency
(%)
Short
13,214 69
19,287
4,232 69
Long
6,073 31
1,898 31
Brachycephalic 5,875 32
18,648
1,888 32
Mesocephalic 9,162 49
2,900 49
Dolichocephalic 3,611 19
1133 19

Estimated Small
Adult Size Medium
Large
Blockhead Present
Type
Not Present
Coat
Black
Color
Blue
Brown
Grey
Red
Tan
White
Yellow
Gender
Male
Female
Age
Puppy
Group
Adult
Senior
Region
South
North
West

5,503
4,290
9,563
4,163
15,351
5,920
364
2,147
490
1,064
3,304
2,539
322
10,020
9,258
4,026
12,973
1,606
3,948
7,168
8,398

28
22
49
21
79
37
2
13
3
7
20
16
2
52
48
22
69
9
20
37
43

19,356
19,514
16,150

19,302
18,605
19,514

1,715
1,361
3,074
1,333
4,867
1,886
103
668
139
315
1,091
812
101
3,171
2,950
1,285
4,114
517
1,249
2,298
2,653

28
22
50
22
78
37
2
13
3
6
21
16
2
52
48
22
69
9
20
37
43

SRS
Observations
6,130
5,921

6,150
6,200
5,115

6,121
5,916
6,200

Age group was associated with the hazard for euthanasia of shelter dogs (p<0.0001) and
met the proportionality assumption. Puppies compared to adults were less likely to be euthanized
(HR=0.42, 95% C.I. 0.30-0.58), puppies were also less likely to be euthanized compared to
seniors (HR=0.16, 95% C.I. 0.11-0.24), and adults were less likely to be euthanized compared to
seniors (HR=0.39, 95% C.I. 0.30-0.51).
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Skull type was found to be a factor influencing euthanasia of shelter dogs (p<0.0001) and
met the proportionality assumption. Brachycephalic dogs when compared to mesocephalic were
more likely to be euthanized (HR=1.88, 95% C.I. 1.50-2.34), and brachycephalic dogs when
compared to dolichocephalic dogs were also more likely to be euthanized (HR=2.21, 95% C.I.
1.63-3.00). Mesocephalic dogs compared to dolichocephalic dogs had no difference in
euthanasia risk (p=0.45).
An interaction between region and mature size was also found to influence shelter dog
euthanasia (p=0.0204) as displayed in Figure 4. This interaction demonstrates that large dogs
have a greater hazard for euthanasia than small dogs in every region. The south also
demonstrated a greater hazard for euthanasia of medium dogs than small dogs. Error bars display
one standard error from the estimated hazard ratios. Adjustment for multiple comparisons was
performed using Tukey-Kramer methods. Variables included in the final model with adjusted
HR estimates can be found in Table 11.
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Figure 4

Euthanasia estimated adult size by region interaction

Euthanasia model adjusted region-size interaction displayed as hazards, estimated from the
simple random sample of 4,500 dogs.

67

Table 11

Multivariate model of simple random sample of shelter dogs for the euthanasia
outcome compared to live release adjusted using Tukey-Kramer methods

Phenotype

Parameter
Estimate

Standard
Error

Adj pvalue

Puppies vs.
Adults
Puppies vs.
Seniors
Adults vs.
Seniors
Brachycephalic
vs.
Mesocephalic
Brachycephalic
vs.
Dolichocephalic
Mesocephalic
vs.
Dolichocephalic
North, Small vs.
Medium
North, Small vs.
Large
North, Medium
vs. Large
West, Small vs.
Medium
West, Small vs.
Large
West, Medium
vs. Large
South, Small vs.
Medium
South, Small vs.
Large
South, Medium
vs. Large

-0.871

0.142

-1.807

Hazard
Ratio

<.0001 0.418

Adj Lower
Confidence
Limit
0.300

Adj Upper
Confidence
Limit
0.583

0.170

<.0001 0.164

0.110

0.245

-0.934

0.113

<.0001 0.392

0.301

0.511

0.630

0.095

<.0001 1.877

1.503

2.342

0.792

0.131

<.0001 2.207

1.625

2.997

0.162

0.135

0.4535 1.176

0.857

1.614

-0.567

0.368

0.593

0.567

0.393

0.819

-1.305

0.226

<.0001 0.271

0.216

0.340

-0.737

0.316

0.137

0.478

0.349

0.656

-0.382

0.181

0.230

0.683

0.569

0.818

-0.672

0.167

0.0004 0.511

0.432

0.604

-0.290

0.155

0.360

0.748

0.641

0.873

-1.221

0.300

0.0004 0.295

0.218

0.398

-1.470

0.239

<.0001 0.230

0.181

0.292

-0.249

0.224

0.870

0.623

0.975

0.780

Discussion
Certain dog phenotypes including age group, skull type, region, and size, were all
associated with hazard for euthanasia. All of the phenotypes associated with euthanasia had
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constant hazards for euthanasia over time. This suggests that LOS did not influence shelter
employees’ decisions to euthanize dogs in their care, rather phenotype was a better predictor of
which dogs were euthanized.
This study identified an association between age group and hazard for euthanasia.
Puppies were identified as having the greatest chance of live release than both adults and seniors.
Other studies have found that puppies are the most appealing group to be adopted and seniors are
the least appealing group for adoption (Garrison & Weiss, 2015). Shelters may be less willing to
euthanize puppies in their care unless additional circumstances were to arise, such as a disease
outbreak. Previous studies suggest that seniors older than 9 years have the longest LOS (W. P.
Brown et al., 2013), seniors have half the odds of live release compared to puppies (Patronek &
Crowe, 2018), and that seniors between the age of 10 and 12 years old are more likely to be
euthanized (Svoboda & Hoffman, 2015). Shelters may be more willing to euthanize seniors
because they may be more likely to have chronic health problems, lower adoption rates, or
persistent behavioral concerns. However, we found that seniors become more adoptable relative
to adults as LOS increases (Chapter III).
This study also associated skull type with the hazard for shelter dog euthanasia.
Brachycephalic dogs were found to be at a greater risk for euthanasia than both mesocephalic
and dolichocephalic dogs. To the author’s knowledge, this is the first study to fully study the
effect of skull type on shelter dog euthanasia. Blockheaded dogs are typically brachycephalic so
these results are consistent with the findings of a previous study that the presence of a
“blockhead,” or a square shaped head, reduces shelter dog’s chances of live release (Patronek &
Crowe, 2018).
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The breed or breed variations with a brachycephalic skull type include pit bulls,
Staffordshire terriers, or American Bulldogs. Previous studies have found that these breeds are
often less likely to have favorable outcomes or live release (Clevenger & Kass, 2003a; L. Gunter,
2018; Lepper et al., 2002; Sinski et al., 2016; Svoboda & Hoffman, 2015). Although the practice
of determining euthanasia risk based off of breed phenotype or breed grouping is common,
shelter personnel mislabel breeds when dogs enter the shelter 5-25% of the time (L. Gunter,
2018; Voith et al., 2009); and that shelter employees may purposefully mislabel breed if breed
specific legislation is present in the community (Hoffman et al., 2014). Therefore, analyzing on
breed or breed group may not be the best factor to determine the chance of euthanasia. Analysis
based on phenotypic appearance may be more informative.
Another interesting finding from this study was the identification of a region by size
interaction. Previous studies have shown that size is a factor when determining euthanasia
(Posage et al., 1998), and that some regions are more likely to euthanize shelter animals than
others (Woodruff & Smith, 2019). However, no study has identified such interaction between
size and region. These results show that within each region small dogs compared to large dogs
are less likely to be euthanized and, in the south, small dogs are also less likely to be euthanized
than medium dogs. This region-size interaction is important because it demonstrates that large
dogs are more likely to be euthanized, compared to small dogs despite their location, but that
medium dogs are also at more of a risk in certain regions. This interaction may be explained by a
higher chance of adoption and transfer of small dogs, as explained in Chapters III and V
respectively. Large dogs may be at a greater risk for euthanasia because of they tend to require
more space and exercise in an increasingly urbanized country. Because urban areas are inhabited
with approximately 80% of the US human population (US Census Bureau, 2016), this may help
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explain a decreased preference in large shelter dogs for live release and an increase in euthanasia
risk.
Misclassification bias may have been introduced into this study when imputing
phenotypes from breed. For example, when estimated adult size, skull type, and coat length were
imputed from the listed breed, some dogs had a breed listing of “mixed breed” or “terrier.” These
breed designations did not allow for phenotypes to be imputed and thus those categories were
left blank.
This study identified phenotypic factors of shelter dogs that can be utilized by shelter
employees to make euthanasia decisions more objective. The results from this study are likely a
reflection of shelter staff’s preconceived notions about which dogs are adoptable and which ones
are not. If shelter staff were to keep sufficient records within their individual shelters, then staff
could follow similar methodology as this study to determine what phenotypes of dogs in their
shelter predicts outcome. If shelter personnel are able to identify such phenotypes that place
shelter dogs at a higher risk for euthanasia upon entrance into the shelter, employees may then
properly allocate resources to such dogs, or elect to transfer them more quickly than dogs which
may have a better chance of live release.
Conclusions
This study found that skull type, size, regional location, and age group all have an
association with the hazard for shelter dog euthanasia. These results may reflect the opinion of
dog adopters about which dogs are less desirable for adoption or they may reflect the opinion of
shelter workers about which dogs are least adoptable. However, the information identified in this
study can help shelter employees make informed and more objective decisions regarding animals
in their care.
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Summary
United States animal shelters care for unwanted dogs until they are adopted, transferred
to another facility, or euthanized. Dogs not deemed adoptable in a given shelter are often either
euthanized or transferred. The objective of this study was to identify phenotypic characteristics
predicting the outcome of transfer for dogs entering shelters rather than euthanasia. Individual
dog records for 2017 were requested from shelters from five states (Mississippi, Pennsylvania,
Michigan, Colorado, and Oklahoma) receiving municipal funding and using electronic records.
Duplicate dogs were removed and records from 17 shelters were merged into a dataset of 25,047
unique dogs with variables of breed, gender, coat color, size, age, region, and time in shelter.
Only data from dogs that were not adopted, i.e. either transferred or euthanized, were analyzed
(n=6,518). Variables describing coat length, predicted adult size, and skull type were imputed
from breed phenotype. A Cox proportional hazard model with a random effect of shelter was
developed for the outcome of transfer compared to euthanasia using manual forward variable
selection. Significance was set at an alpha = 0.05. Age group and skull type were associated with
the hazard for transfer with no interaction with length of stay in the shelter. However, region and
predicted adult size were modified by time in the shelter (p=<0.0001). The results of this study
indicate that shelter workers use phenotypic characteristics of dogs to determine the fate of dogs
deemed not adoptable in their shelter.
Introduction
In recent years, transfer of shelter animals has become an accepted practice to increase
shelter live release rates. Transfer can be defined as the moving of animals from one shelter or
rescue organization to another. This practice typically allows for more favorable outcomes of
dogs that would likely be euthanized if they had remained in the originating shelter. Previous
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research has identified reasons that shelters may accept an animal from another out of state
shelter and what these transferred dogs may look like. It was commonly found that shelter dogs
unique to the community they were transferring into were more likely to experience a favorable
outcome. Age, size, and breed of dog were listed as the most important characteristics considered
by shelter employees accepting transferred dogs. However, breeds that are commonly found in
the community receiving the transfer, or breeds that violate community breed specific legislation
such as pit bulls, American Bulldogs, and Chow Chows were consistently less likely to be
transferred (Simmons & Hoffman, 2016). Similarly, another study found that dogs with a listed
breed of Australian herding breeds, cocker spaniels, herding breeds, lap dogs, pointers, ratters,
miscellaneous sporting breeds, and miscellaneous terriers were more likely transferred than
euthanized. However, pit bulls and Rottweilers were less likely to be transferred (Sinski et al.,
2016).
To the authors knowledge, breed has been the only factor studied for a relationship with
risk for transfer. Therefore, the objective of this study was to identify various physical
characteristics of shelter dogs deemed unadoptable in the local shelter that makes them more
likely to be transferred.
Materials and Methods
The methods for this study are identical to those outlined in Chapter III with the
exception that this analysis did not include dogs with an outcome of adoption. This is because
researchers and shelter practices have determined that the pool of dogs that are potentially
transferrable from the shelter are the same dogs at risk for euthanasia if they remained in the
shelter. For the purposes of this study, these dogs are members of the “euthanasia pool.” When
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removing the adopted dogs from the 19,514-dog dataset, only 6,518 dogs remained to compose
the euthanasia pool; the dataset used for model building.
Results
Of the 19,514-dog dataset, the probability of a dog to be transferred was 16%. The
median LOS for dogs to be transferred was 10 days with a mean (standard deviation) of 16.02
days (16.73 days). Of the 6,518 dogs in the euthanasia pool, 3,141 (48%) were transferred, 2,703
(41%) were euthanized, and 558 (9%) had other outcomes in the study time frame of 80 days.
Only 116 (2%) dogs were transferred after the study time frame of 80 days. The frequency of
variables tested for inclusion in the transfer model are outlined in Table 12.
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Table 12

Frequencies of phenotypes tested for multivariate transfer model inclusion using the
full dataset 19,514 shelter dogs and the euthanasia pool (EP) of 6,518 dogs

Variable

Response

Coat
Length

Short
Long

Skull
Type

Brachycephalic 5,875
Mesocephalic 9,162
Dolichocephalic 3,611

Estimated Small
Adult Size Medium
Large
Blockhead Present
Type
Not Present
Coat
Black
Color
Blue
Brown
Grey
Red
Tan
White
Yellow
Gender
Male
Female
Age
Puppy
Group
Adult
Senior
Region
South
North
West

Counts Frequency Observations EP
EP
EP
(%)
Counts Frequency Observations
(%)
13,214 69
19,287
4,768 74
6,445
6,073 31
1,677 26

5,503
4,290
9,563
4,163
15,351
5,920
364
2,147
490
1,064
3,304
2,539
322
10,020
9,258
4,026
12,973
1,606
3,948
7,168
8,398

32
49
19

18,648

2,625
2,594
1,011

42
42
16

6,230

28
22
49
21
79
37
2
13
3
7
20
16
2
52
48
22
69
9
20
37
43

19,356

1,629
1,180
3,656
2,070
4,448
1,871
116
730
215
290
1,042
823
90
3,396
2,893
1,475
3,496
664
2,371
2,010
2,137

25
18
57
32
68
36
2
14
4
6
20
16
2
54
46
26
62
12
36
31
33

6,465

19,514
16,150

19,302
18,605
19,514

6,518
5,177

6,289
4,289
6,518

Age group was associated with the hazard for transfer of shelter dogs (p<0.0001) and met
the proportionality assumption. Puppies compared to adults were more likely to be transferred
than adults (HR=1.49, 95% C.I. 1.34-1.65) and seniors (HR=2.40, 95% C.I. 2.04-2.82). Adults
were also more likely to be transferred than seniors (HR=1.62, 95% C.I. 1.40-1.87).
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Skull type was associated with the hazard for shelter dog transfer and met the
proportionality assumption. Brachycephalic dogs when compared to mesocephalic were less
likely to be transferred (HR=0.68, 95% C.I. 0.65-0.72), and brachycephalic dogs compared to
dolichocephalic dogs were also less likely to be transferred (HR=0.74, 95% C.I. 0.66-0.82).
Mesocephalic dogs compared to dolichocephalic dogs had no difference in transfer risk (p=0.10).
Estimated adult size was associated with the hazard for shelter dog transfer but did not
meet the proportionality assumption. Relative hazard ratios for small dogs compared to large
dogs were graphed over the LOS in days (Figure 5). The transfer of medium sized dogs
compared to large dogs was not different over time (p=0.709). Dashed line drawn at HR=1 was
used to reference a null hazard ratio as no difference in hazard between the groups compared.

Figure 5

Transfer estimated adult size by length of stay interaction

Transfer model adjusted estimated adult size interaction accounting for length of stay displayed
as hazard ratios, estimated from the euthanasia pool of 6,518 dogs, compared to the referent large
group.
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Region had an interaction with time (p<0.001) and did not meet the proportionality
assumption. Relative hazard ratios for transfer of dogs from the west compared to transfer of
dogs from the north were graphed over the LOS in days (Figure 6). Transfer of dogs in the south
compared to transfer of dogs in the north was not different over time (p=0.142). The final model
for transfer outcomes including the phenotypes of age group, skull type, region, and size can be
found in Table 13. Dashed line drawn at HR=1 was used to reference a null hazard ratio as no
difference in hazard between the groups compared.

Figure 6

Transfer region by length of stay interaction

Transfer model adjusted region interaction accounting for length of stay displayed as hazard
ratios, estimated from the euthanasia pool of 6,518 dogs, compared to the referent north group.
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Table 13

Multivariate model derived from euthanasia pool of shelter dogs for the transfer
outcome including length of stay interactions for variables failing to meet the
proportional hazard assumption, adjusted using Tukey-Kramer methods

Parameter

Parameter Standard ChiEstimate Error
Square

Puppy
Adult
Senior
Brachycephalic

0.87566
0.48178
0
-0.30616

Mesocephalic
Dolichocephalic

Pr > ChiSq Hazard Adjusted Confidence
Ratio Limits

0.08210 113.7565
0.07430 42.0516
.
.
0.05732 28.5325

<.0001
<.0001
.
<.0001

2.400
1.619
.
0.736

2.044
1.400
.
0.658

2.820
1.873
.
0.824

0.08449
0

0.05129
.

2.7130
.

0.0995
.

1.088
.

0.984
.

1.203
.

South
West
North
South*LOS
West*LOS
North*LOS
Medium

0.41417
1.96091
0
0.09459
-0.60844
0
0.03471

0.65209
0.64086
.
0.06442
0.06970
.
0.09286

0.4034
9.3624
.
2.1559
76.2104
.
0.1397

0.5253
0.0022
.
0.1420
<.0001
.
0.7086

1.513
7.106
.
1.099
0.544
.
1.035

0.422
2.024
.
0.969
0.475
.
0.863

5.432
24.953
.
1.247
0.624
.
1.242

Small
Large
Medium*LOS
Small*LOS
Large*LOS

0.57014
0
0.06048
-0.07374
0

0.08242
.
0.03778
0.03317
.

47.8462
.
2.5629
4.9418
.

<.0001
.
0.1094
0.0262
.

1.769
.
1.062
0.929
.

1.505
.
0.987
0.870
.

2.079
.
1.144
0.991
.

Discussion
This study is the first to identify phenotypes predicting shelter dog transfer. Age group,
skull type, size, and region were all found to affect shelter dog transfer. Survival analysis
methods also allowed researchers to identify two different phenotypes that had interactions with
time. These interactions demonstrate that the hazard for dogs to be transferred changed as LOS
increased.
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Age group was found to have a constant hazard for transfer over time with puppies being
the most likely age group to be transferred. Because puppies are more likely to be adopted
(Clevenger & Kass, 2003a; DeLeeuw, 2010; Lepper et al., 2002; Siettou et al., 2014), it is not
surprising that they are also the most likely age group to be transferred. Seniors were found to be
the least transferrable age group from this study. This may be because shelter workers believe
that seniors have the least likelihood of adoption in another shelter. Another explanation may be
that shelter workers receiving transported dogs have a preference for younger animals. A study
identifying organizations “willingness to transfer in dogs of particular ages” said that 83% of
organizations would accept dogs aged 3 months to 8 years old (Simmons & Hoffman, 2016).
Skull type was also associated with the hazard for transfer. Brachycephalic dogs were
more likely to be euthanized rather than be transferred. Dogs classified as brachycephalic include
pit bulls, American Bulldogs, and Rottweilers; the breeds most commonly subject to breed
specific legislation (BSL) (L. Gunter, 2018). Such legislation could explain why dogs with this
phenotype are less likely to be transferred, especially if the receiving shelter serves a community
with such laws. Shelters on the receiving end of transfer programs may be unable or unwilling to
accept such dogs (Simmons & Hoffman, 2016). These results are consistent with the finding that
BSL breeds have higher odds of being euthanized (Sinski et al., 2016).
In this study, the hazard for transfer for estimated adult size had an interaction with time.
When small sized dogs were compared to large sized dogs it was found that their hazard for
transfer decreased gradually as LOS increased, but never had a hazard ratio (HR) less than 1,
implying that relative to large dogs, small dogs become less transferrable over time, but always
more transferrable than large dogs. Similarly, small dogs had higher odds of live release in one
Arizona shelter (2018). Also, dog size was considered important to shelters when considering
83

which dogs to transfer into their shelter (Simmons & Hoffman, 2016). Additionally, we found
that large dogs are more likely to be euthanized no matter the region of the country that they are
located (Chapter IV).
Finally, a region by time interaction was identified in this study. Dogs from the west were
approximately 7 times more likely to be transferred than a dog from the north on day 1. As time
in the shelter increased, the HR for western dogs compared to northern dogs equaled 1 at
approximately day 25. After day 25, western dogs had a lower hazard for transfer relative to
northern dogs. There was no difference in transfer of dogs in the south compared to those in the
north. The most likely reason for this is because northern shelters tend to be receivers of
transferred animals, they may have less of a dog overpopulation problem than western or
southern shelters.
The phenotypes associated with the decision to transfer rather than euthanize shelter dogs
are similar factors associated with shelter dog adoption (Chapter III). This may be because some
dogs in the non-adopted pool have some of the same qualities as those that are eventually
adopted, and thus are better candidates for transfer. This may suggest that some potentially
adoptable dogs are selected for transfer because their opportunity for adoption is greater in
another place that the original shelter. The information presented in this study that 48% of dogs
in the non-adopted pool were instead transferred to experience a more favorable shelter outcome,
quantifies the success of shelter transfer programs. The fact that only 41% of these dogs were
euthanized, and that a higher percentage of dogs were transferred comparatively, demonstrates
that such transfer programs are saving shelter dog’s lives. Such success, to the authors’
knowledge has not been previously quantified. The authors believe that with time, a more
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informed shelter industry, and further study, the percentage of dogs transferred will continue to
grow and successfully reduce shelter dog euthanasia.
This study is important because it helps lay the groundwork for additional studies to be
performed that look at trends in transferring and which characteristics of dogs are deemed
desirable for transfer. The information presented in this study can be utilized by shelter
employees to make more objective decisions when identifying dogs to be transferred versus
euthanized.
Conclusions
Transferring dogs has become a more common practice in US shelters today but is
relatively unstudied. This study identified the phenotypes deemed desirable by shelter workers
when they make decisions about which dogs to transfer to another shelter.
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Summary
United States animal shelters house and care for dogs with unknown medical histories.
Such unknown medical backgrounds pose concern for zoonotic transmission of diseases to the
shelter staff. One important zoonotic exposure is to rabies virus which is almost always fatal
after the onset of symptoms. The objective of this study was to identify the characteristics of dog
shelters associated with the probability that the shelter had a policy to vaccinate shelter personnel
against rabies. Five states with an established shelter registry were selected from each geographic
region of the US. A list of shelters within those states was developed from the registry list,
through internet searches and comparisons with other known lists. At least two forms of direct
communication were used to ensure that humane organizations met the study definition of a dog
shelter. In total 342 of 461 (73%) shelters that met the study definition were visited by a team of
students. Forty-two of 332 (13%) shelters responding to the question required staff to be
vaccinated against rabies. Logistic regression was utilized to test shelter characteristics for
association with the probability that they have a rabies vaccination policy for shelter staff.
Municipally funded shelters were more likely to vaccinate staff for rabies than shelters funded
privately (OR=3.0, 95% CI =1.40-6.39). These results demonstrate that shelter funding source
may influence rabies control programs in shelters.
Key Words: dogs, epidemiology, occupational health, rabies, vaccination
Impacts:
•

Animal shelter staff are at risk of contracting rabies virus but may not be vaccinated
against that disease.

•

Face-to-face interviews determined that a limited number of animal shelters require staff
rabies vaccination.
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•

Shelters receiving municipal funding were more likely to require shelter workers to be
vaccinated.
Introduction
Approximately 3.3 to 5.5 million dogs enter shelters in the United States annually

(ASPCA, 2019; Woodruff & Smith, 2019). Most of these dogs have unknown medical histories
which may place shelter staff at risk for potential zoonoses such as leptospirosis, methicillinresistant Staphylococcus aureus (MRSA), or rabies virus (Steneroden, Hill, & Salman, 2011).
Rabies, a global zoonotic pathogen with a case fatality rate near 100%, (Centers for Disease
Control and Prevention, 2011b) is endemic in various geographic regions and species. Global
estimates suggest that approximately 59,000 individuals die each year from rabies and 99% of
these deaths occur from the bite of an infected dog (World Health Organization, 2019). Although
canine rabies was controlled in the US in the 1970s (Ma, Monroe, Cleaton, Orciari, Yager, et al.,
2018), it is essential to consider the potential risk associated with rabies for shelter staff.
In 2017, the year of this study’s data, 4,454 animal rabies cases from the United States
and Puerto Rico were reported to the United States Centers for Disease Control and Prevention
(CDC). Of these cases, 276 (6.2%) were cats and 62 (1.4%) dogs (Ma, Monroe, Cleaton, Orciari,
Li, et al., 2018), the two domestic animal species most commonly found in animal shelters across
the US. Two human rabies cases were also reported in 2017. Although the number of reported
human rabies cases in the US is low, annually it is estimated that 40,000-50,000 individuals
undergo rabies post-exposure prophylaxis (PEP) (Centers for Disease Control and Prevention,
2015). However, there are no public data regarding the occupation of individuals receiving PEP
treatment, so it is difficult to know what number of animal shelter staff undergo rabies PEP.
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Animal rabies prevention, control, and response policies in the United States are
regulated on a state level. Resources used to create state policy may include recommendations
from organizations including the Centers for Disease Control and Prevention (Centers for
Disease Control and Prevention, 2011b), the American Veterinary Medical Association
(American Veterinary Medical Association, 2017), or the National Association of State Public
Health Veterinarians (Brown et al., 2016). These organization’s policies include domestic animal
rabies vaccination recommendations, management suggestions for animals after suspected or
confirmed rabies exposure, and basic principles for animal rabies prevention and control. Such
information provides states with the necessary resources to regulate animal rabies at their
discretion. However, states do not make specific recommendations for human rabies vaccination.
Rather, the Advisory Committee on Immunization Practices (ACIP), has guidelines in
place addressing human rabies pre-exposure vaccination and the individuals advised to receive
such vaccination. The ACIP recommends that personnel who are at an increased risk of
encountering and contracting rabies should consider pre-exposure vaccination. These individuals
may include laboratory workers, veterinarians, veterinary staff, and animal control and wildlife
officers (Centers for Disease Control and Prevention, 2011a; Manning et al., 2008).Additional
guidelines correlate pre-exposure prophylaxis recommendations to the risk rabies poses to
individuals in enzootic areas. Individuals can be categorized as at “frequent” risk for rabies
exposure and are recommended for primary course pre-exposure vaccination in addition to
regular serologic testing. Individuals with an “infrequent” risk for rabies exposure are those in
areas where rabies virus is uncommon to rare, with rabies exposure episodic, are recommended
for primary course pre-exposure vaccination (Centers for Disease Control and Prevention,
2011a).
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It is reasonable to believe that animal shelter personnel have an increased risk for rabies
exposure. However, animal shelter staff are not explicitly included in such preexposure
vaccination recommendations no matter the rabies enzootic status of the state.
Although the potential for rabies exposure is present in any shelter, many shelters do not
have rabies vaccination requirements for staff or volunteers. Therefore, the primary objective of
this study was to determine what proportion of shelters require staff to be vaccinated and to test
for characteristics of dog shelters associated with having policies for staff to be vaccinated
against rabies.
Materials and Methods
The contiguous United States was categorized into five geographic regions: Southeast,
Northeast, Midwest, West, and Southwest. One state from each of the five geographic regions in
the United States was selected for the study. States were considered for inclusion if they had a
compiled shelter or humane organization registry, or a previously defined state list. The West
and Southwest regions had only one state each (Colorado and Oklahoma, respectively) that
required a registry of humane organizations. The Midwest and Northeast regions had multiple
states with registries. However, some of these state registries were not up to date at the time of
inclusion and in some cases lacked individual humane organization information. The Northeast
had only one acceptable state registry (Pennsylvania). The Midwest had two states with
complete, detailed lists and one state from that region was chosen by coin toss (Michigan).
Mississippi was chosen for inclusion as the state representing the Southeast because a
comprehensive list already existed from prior studies. The states enrolled in the study were
Colorado, Oklahoma, Pennsylvania, Michigan, and Mississippi.
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A list of humane organizations was developed for each state through the state registries,
internet searches by county, and knowledge of existence through prior studies. To be included in
the study, dog shelters were required to operate out of a physical building, be open to the public,
and place dogs by adoption or euthanize dogs in their care. Organizations were excluded from
the study if they: 1) transported all dogs in their care to other facilities; 2) were breed specific
rescues; 3) were foster-based organizations; 4) functioned solely as a sanctuary or lifelong-care
facility with no options for adoption.
Dog shelters were contacted by email and phone calls in order to confirm the shelter’s
existence, ensure that the organization met the requirements for inclusion in the study, and
inform shelter staff of the survey. There were at least two attempts made to contact each shelter
by telephone or email, after which, if there was no response, the shelter was removed from the
final frame. To increase awareness of the study, a publicity firm sent physical letters and press
releases to shelters and humane organizations in the states selected for the study to utilize every
method of communication with included dog shelters.
Data Collection
Seventeen veterinary students were assigned to eight teams of two people each, plus one
alternate to fill in for another student’s absence. Students were trained during a week-long
orientation which included an explanation of the study objectives, an explanation of the
interview instrument, instruction in methods of data collection, and two practice interviews with
shelter staff. Students were provided with tablet computersc equipped with mapping software.

c

Ipad; Apple, Inc, Cupertino, CA, USA
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The face-to-face interviews were conducted from May 2018 to July 2018, using a
database program as the interview instrument loaded on each tablet computerd. Shelter staff were
questioned concerning the characteristics of their facilities including funding sources, intake
sources, public health policies involving both the dogs cared for by the shelter and the shelter
staff, veterinary involvement, city and county legislation, and other issues facing the shelters.
Additionally, they were questioned about annual dog intake in 2017. For this study, there was no
standardized definition of what defined shelter staff, as each shelter may define staff differently.
Interview information was recorded into the electronic database, as well as on paper copies.
Shelters that participated in the study received a $100 gift card upon interview completion.
County demographic statistics corresponding to each shelter location were collected from
the US Census Bureau for 2017. Demographic statistics utilized included median per capita
income and percentage of the county population living at or below the poverty level.
State rabies data for the 2017 calendar year was obtained through contact or public
retrieval of records through the Mississippi Board of Animal Health, Pennsylvania Department
of Agriculture, Colorado Department of Public Health and Environment, Michigan Department
of Health and Human Services, and the Oklahoma State Department of Health.
Data Analysis
Multivariable logistic regression (PROC LOGISTIC; SAS for Windows v9.4; SAS
Institute, Inc., Cary, NC) was used to test variables of shelter characteristics for association with
whether or not the shelter required rabies vaccination of shelter staff. Regression models were
built by manual forward variable selection by evaluation of type 3 p-values. Variables tested for

d

Epi Info, Centers for Disease Control and Prevention, GA, USA
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association included municipal funding, grant funding, charitable funding, animal control as a
source of dogs, full time veterinarian on staff, part-time veterinarian on staff, no paid veterinary
involvement, no veterinary involvement, vaccination of dogs for rabies on intake, deworm dogs
on intake, perform fecal exams on dogs on intake, state, state rabies endemicity status, total dog
intake, and per capita income of the area that the shelter resides. An endemicity variable for state
rabies was created by ranking the states from the greatest number of 2017 rabies cases to the
least number of 2017 rabies cases and then was tested for model inclusion. However, when
tested for model inclusion the variables of state and rabies endemicity status were determined to
be collinear, both describing a state level effect. Significance was defined at alpha=0.05.
Results
Of the 2,444 humane organizations identified, 471 (19%) organizations met the shelter
study definition. Three hundred forty-two shelters of the 471 shelters (73%) were visited by a
team of students with response rates by state ranging from 65% to 88%. Of the 332 shelters
providing a response to the shelter staff rabies vaccination question, only 42 (13%) shelters
required staff to be vaccinated against rabies. Reasons for non-response to the staff rabies
vaccination question was not determined. Shelters receiving municipal funding were more likely
to require vaccination of shelter staff against rabies (OR=3.0; 95% CI=1.40-6.39). Of the 342
shelters visited, 194 (57%) received municipal funding. Further descriptive statistics of variables
tested for model inclusion are provided in Table 14.
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Table 14

Frequency information for shelter level information to response variables with the
number of shelters that had a policy for shelter staff vaccination and those shelters
without a policy for shelter staff vaccination
Variable

Potential Responses

Policy for
Staff
Rabies Vx
Funding
Municipal
33
Source
Grant
24
Charitable
37
Municipal
Only Municipal
4
Funding plus Municipal+Grant
1
other sources Municipal+Charitable 11
Municipal+Grant
17
+Charitable
No Municipal
9
Source of
Animal Control
41
Dogs
Animal Welfare
39
Transport
22
Owner drop offs
42
Veterinary
Full Time Vet
5
Involvement Part-time Vet
8
No paid Vet
4
No Vet
4
Dog Intake
Deworm dogs on
27
Health
intake
Protocols
Vaccinate for Rabies 14

No Policy
for staff
vaccination
158
184
263
20
5
48
85

Observed
Responses

132
273
223
200
277
44
46
32
15
234

141
314
262
222
319
49
54
36
19
261

150

164

Perform fecal exams
State
Mississippi
Pennsylvania
Michigan
Colorado
Oklahoma
Annual dog Small shelter (<=160)
intake
Medium shelter (160351)
Large shelter (352755)
Very large shelter
(>755)
County per- Low
capita income Middle
High

8
0
9
15
4
14
8
12

71
52
65
84
40
49
71
67

79
52
74
99
44
63
79
79

10

70

80

11

72

83

7
18
13

73
87
113

80
105
126
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191
208
300
24
6
59
102

Of the five study states, Pennsylvania reported the highest number of animal rabies cases
in 2017 with (n=345), followed by Colorado (n=165), Oklahoma (n=42), Michigan (n=38), and
Mississippi (n=0). Additionally, Michigan had the most shelters requiring rabies vaccination of
staff by policy, 15 of 42 (36%), followed by Oklahoma, 14 of 42 (33%), Pennsylvania, 9 of 42
(21%), Colorado, 4 of 42 (10%), and Mississippi, 0 of 42 (0%).
Discussion
The most important finding of this study was that the municipal funding source of
the shelter was associated with the odds of shelters requiring staff to be pre-exposure vaccinated
against rabies. The most plausible reason for this result is because municipally funded shelters
are more likely to be open admission and have little control over what types of animals enter the
shelter, including strays which might have greater risk for rabies exposure. Several municipally
funded shelters receive this funding through the existence of contracts with cities or counties to
admit any animal that presents to the shelter including feral animals, animal control pick-ups,
strays found by community members, or animal welfare cases. Admittance of these animals may
increase the chance of worker exposure to various zoonotic pathogens at municipally funded
shelters. The authors have hypothesized that municipal funding was likely a surrogate variable
representing the higher perception of risk for rabies exposure in shelters that receive dogs from
multiple sources. However, most of the shelters surveyed received animals from multiple sources
including animal control, animal abuse cases, and owner surrenders, and none of these sources
were associated with shelters having a policy for staff vaccination. Further hypotheses were
tested to help explain why municipally funded shelters had higher odds of having a policy for
shelter staff rabies vaccination. One such hypothesis was that the size of the shelter, imputed
from dog intake, was associated with financial stability. The idea being that the larger the shelter,
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the more funding the shelter receives, and the more likely the shelter is able to devote resources
to shelter staff health and thus have a policy for rabies vaccination. Another reason shelter size
could explain staff vaccination policies, could be that the larger shelters take in a greater number
of dogs from the community, thus increasing the risk of zoonoses, and further increasing the
potential for shelter staff vaccination policy. However, shelter size was also not associated with
shelter policy for staff vaccination.
Financial stability of municipally funded shelters may also explain this association for
increased policy of vaccination. Because municipally funded shelters have a more sustainable
source of funding, they potentially are able to require more policies focusing on shelter staff
health. However, shelters receiving only municipal funding versus no municipal funding was not
significantly different, but this method also sacrificed the study’s power as the sample size was
limited. Therefore, we cannot explain why municipal funding was associated with increased odds
of shelter staff vaccination.
Some of the states included in this study were considered enzootic for rabies virus
variates (RVV) in wildlife species at the time of study, 2017. These states include Colorado and
Pennsylvania with racoon RVV and Michigan, Oklahoma, and Colorado with skunk RVV (Ma,
Monroe, Cleaton, Orciari, Li, et al., 2018). Although these states are considered enzootic for
wildlife rabies, this study did not identify increased odds of shelter staff vaccination by state or
by state rabies endemicity status. Considering the current recommendations from the Advisory
Committee on Immunization Practices and the CDC, shelter staff in rabies enzootic states may
fall into the “frequent” or “infrequent” risk categories and could benefit from pre-exposure
prophylactic vaccination protocols (Centers for Disease Control and Prevention, 2011a).
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Therefore, shelters in rabies enzootic states may consider creating policies for staff vaccination,
if such policies do not already exist.
Limitations of this study include that the data collected was self-reported and there was
no way to validate responses. When interviewers arrived at each facility, they requested to speak
to a shelter manager, or someone of authority in the shelter to receive the most accurate and
knowledgeable information. However, in some cases the most qualified individual may not have
been the person who completed the interview. Although interviewers were trained to ask
questions in the same way; interviewer bias was possible.
In conclusion, the findings of this study suggest that shelter funding source is associated
with policies for vaccination of shelter staff against rabies.
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